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New Terephthalic Acid Process
Abstract
Terepthalic acid is primarily utilized as a raw material to make polyester PET, a polymer used to make a variety
of household items such as clothing and plastic bottles. Currently, the most common method used to produce
TPA is a technology called the Amoco Process, in which paraxylene is oxidized in the presence of a corrosive
catalyst promoter. The corrosive promoter necessitates expensive equipment that is clad with titanium or
other expensive alloys. Recently, a new non-corrosive ionic liquid promoter was discovered that would allow
for stainless steel equipment.
In this report, a process was designed to produce terephthalic acid using the new ionic liquid technology. The
process was analyzed for technological and economic feasibility, while also considering other potential issues
such as safety and start-up. The designed plant produces 800 million pounds of crude terephthalic acid (TPA)
a year in the Gulf Coast. Under the assumed economic conditions, this process is projected to have a net
present value of $110,840,600 in the year 2011 with an attractive internal rate of return of 34.07%, making this
project more profitable than the Amoco Process due to the significantly decreased total capital investment
required by this new technology.
This working paper is available at ScholarlyCommons: http://repository.upenn.edu/cbe_sdr/24
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University of Pennsylvania 
School of Engineering and Applied Sciences 
Department of Chemical & Biolmolecular Engineering 
220 South 33rd Street 
Philadelphia, PA 19104 
April 13th, 2010 
 
Dear Professor Fabiano and Professor Lee, 
 
The following report consists of our solution to the senior design project, New Terephthalic Acid 
Process Using Ionic Liquids, as proposed by Mr. Bruce Vrana of DuPont. The process involves a 
reactor section for the oxidation of p-xylene to terephthalic acid, a product separation section, 
and a solvent recovery section. The process achieves the goal of producing 800MM pounds of 
TPA per year. 
 
This report details the process, equipment required and estimated costs, sensitivity analysis to 
key factors, power and utility requirements, and profitability analysis for the project. 
 
The process could be currently implemented because all components are available on the market. 
At a selling price of $0.60 per pound crude TPA, the process yields a net present value of 
$1.1MM and an internal rate of return of 34.07%. The plant has been designed to operate in the 
U.S Gulf Coast for 15 years at 90% capacity after the first year. 
  
 
Sincerely, 
 
_______________________       _______________________ 
Na Cao        Erin Chang 
 
_______________________      
Maria Kaufman
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1.0 Abstract 
Terepthalic acid is primarily utilized as a raw material to make polyester PET, a polymer used to 
make a variety of household items such as clothing and plastic bottles. Currently, the most 
common method used to produce TPA is a technology called the Amoco Process, in which  
paraxylene is oxidized in the presence of a corrosive catalyst promoter. The corrosive promoter 
necessitates expensive equipment that is clad with titanium or other expensive alloys. Recently, a 
new non-corrosive ionic liquid promoter was discovered that would allow for stainless steel 
equipment.  
 
In this report, a process was designed to produce terephthalic acid using the new ionic liquid 
technology. The process was analyzed for technological and economic feasibility, while also 
considering other potential issues such as safety and start-up. The designed plant produces 800 
million pounds of crude terephthalic acid (TPA) a year in the Gulf Coast. Under the assumed 
economic conditions, this process is projected to have a net present value of $110,840,600 in the 
year 2011 with an attractive internal rate of return of 34.07%, making this project more 
profitable than the Amoco Process due to the significantly decreased total capital investment 
required by this new technology.  
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2.0 Introduction 
 
2.1 Project Charter 
Project Name: New Terephthalic Acid Process Using Ionic Liquids 
 
Project Leaders: Na Cao, Erin Chang, Maria Kaufman 
 
Specific Goals: 
 Assess the technoeconomic feasibility of this ionic liquid discovery 
 Design a process to make 800MM lb/yr of crude TPA using the new SABIC catalyst system 
 
Project Scope:  
In- Scope 
 Produce TPA to be used for polyethylene terephthalate in the U.S.A Gulf Coast 
 Use of stainless steel  equipment 
 Environmentally  friendly process with maximum recovery of materials 
Out-of-Scope 
 TPA purification 
 Corrosion on equipment 
 
Deliverables 
 Economic analysis of SABIC process compared to Amoco process 
 Technical feasibility assessment 
 Process flow diagram with material balances 
 
Timeline 
 End of January: Preliminary Material Balances and Block Flow Diagram 
 End of February: Material and Energy Balances for promising flow sheets 
 End of March: Detailed Design of Process Units 
 April 5: Written Report 
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2.2 Product Description 
Terephthalic acid (TPA) ranks 25
th
 in total tonnage of produced chemicals. This type of mass 
production was seen after World War II. DuPont was originally the sole producer of TPA in the 
United States (Sheen 2000). Over 90% of the TPA produced is used to make poly(ethylene 
terephthalate), known from here on as PET. PET is a co-polymer with a variety of uses, 
including woven and knitted fabrics for clothing and draperies, upholstery, and carpeting. 
Another prevalent use is packaging. Bottles made of PET are used for carbonated drinks, as well 
as for more worldly applications (Park 2000). PET bottles are needed for the SODIS method, 
solar water disinfection, which is used by many people in the developing world to purify their 
water. A recent initiative in the slums of Yaoundé, Cameroon has resulted in over 50,000 people 
using PET bottles and the SODIS method to purify their water on a daily basis (Swiss Federal 
Institute) 
 
2.3 Market Overview 
Production of TPA has declined in North America as the textile industry moved to Asia in the 
1990‟s. Until 2008, the demand for TPA rose 6-8% each year. The market took a down turn in 
2008 with the economic recession. The production was further damaged as the recycling of PET 
became necessary to avoid the high cost of raw materials. Currently in the Asian and European 
markets, the price of p-xylene is on the rise, currently $0.75 per pound, but the price of TPA is 
keeping up at $0.67 per pound (Zheng 2010). Prices in North America are fixed due to p-xylene 
contracts and are not increasing as significantly (Murray 2010).  
 
2.4 Methods of Production 
2.4.1 Crude TPA Production with Existing Technology: The Amoco Process  
The Amoco Process, which is the most 
widely-used technology for producing crude 
TPA, utilizes p-xylene (PX) as a feedstock 
for TPA production. At high temperatures 
and pressures, PX readily reacts with oxygen Figure 1: The Amoco Process Reaction - PX reacts with molecular 
oxygen in the presence of catalysts and acetic acid to yield TPA, 
water, and other by-products (Sheehan, 2000) 
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in the presence of an appropriate solvent, promoter, and catalyst system to form TPA. Around 70% 
of Amoco Plants employ acetic acid as the solvent, a combination of cobalt and manganese salts 
as the catalysts, and a bromine source, such as HBr, as the promoter (Ullman‟s 2007). This 
results in a PX conversion of virtually 100% and selectivity to TPA of around 95.6%. 
Unfortunately, several side reactions result in undesired products, including p-toluic acid, 4-
carboxybenzaldehyde (4-CBA), and other heavy molecular weight impurities. Without further 
purification, this product is referred to as „crude TPA‟. Polymer-grade TPA that is pure enough 
to use to produce PET requires additional purification steps to remove the unwanted by-products. 
However, since we are only interested in producing crude TPA, purification methods are not 
explored in this report. 
The downside of the Amoco Process is that the bromide promoter is highly corrosive and 
requires equipment that is lined with titanium or other expensive alloys: this undoubtedly results 
in high capital costs.   
2.4.2 Crude TPA Production Method using Ionic Liquid Promoter  
The objective of this project is the design a plant utilizing a novel catalyst and promoter system 
patented by SABIC, which is not corrosive and allows for the use of stainless steel equipment. 
(Hashimi, 2008). The HBr promoter is replaced by an ionic liquid with an organic cation and 
bromide anion (1-ethyl-3-methylimidazolium bromide), which prevents the bromide anion from 
leaching out and corroding equipment. The kinetics and extents of the oxidation reaction with the 
novel promoter system stay consistent with Amoco‟s kinetics.  
2.4.3 Raw Materials 
The two reactants used to produce crude TPA are PX and oxygen. PX is available at a cost of 
$0.45/lb and 4 days worth of PX inventory is held in storage.  Compressed oxygen at a pressure 
of 2.0 MPa is available on site from an externally owned and operated oxygen plant at a cost of 
$.07/lb. A solvent, acetic acid, is bought at $0.23/lb and recycled throughout the process to 
minimize the amount of free acetic acid needed. The ionic liquid is available at $25.0/lb and the 
cobalt acetate catalyst costs $10.0/lb. The crude TPA is produced in an internally-owned plant 
and is packaged and transported as a solid in tank trucks at a price of $0.60/lb. The crude TPA 
product is 97% by weight TPA.  
  Cao, Chang, Kaufman 
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2.4.4 Plant Location 
The plant will be constructed in the Gulf Coast area, which allows for access to a variety of other 
chemical plants and widespread availability of the utilities needed to operate the plant. 
According to Seider, et al., the Gulf Coast has a site factor of 1.0. 
2.4.5 Plant Operations and Capacity 
According to the project charter, the plant is designed to produce 800 million pounds of solid 
crude TPA per year. Because the product is sold as crude TPA, purification of TPA from other 
impurities is unnecessary at this facility. Most plants require about a month of down time for 
maintenance purposes; however, because our TPA plant also handles solids that may require 
more time for cleaning and maintenance, we have conservatively assumed that the plant is in 
operation 315 days a year, or 7560 hours of operation per year. In order to produce 800 
MMlb/year of TPA, the plant has a capacity of around 106,000 pounds of product produced per 
hour.  
The plant is automated and computer controlled to monitor all equipment and ensure the facility 
is functioning properly. Feedback controllers are used to maintain operating conditions such as 
pressures, temperatures, flows, and compositions.
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3.0 Process Flow Diagrams 
In this section, a visual process flow diagram of the proposed project is presented along with 
brief descriptions of the overall process followed by in-depth discussion of each of the three 
sections. The process has been divided into three sections:  
 
Section 100: Oxidation of p-Xylene 
Reactor Network 
Single Rector 
Section 200: TPA Product Separation and Processing 
Section 300: Solvent Recovery and Recycle
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Section 100: 
Oxidation of PX 
Reactor Network
Section 200: 
TPA Product Separation 
and Processing
Section 300: 
Solvent Recovery and 
Recycle
Slurry Stream
Vapor Feed to 
Distillation
Liquid Feed to 
Distillation
Dry TPA 
Product
Recovered Solvent, 
Catalyst, Ionic Liquid
PX Feed
CO2 and 
O2 Feed    
Solvent, Cat.,
Ionic Liquid
PROCESS OVERVIEW
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R-101
P-103
B-101
P-Xylene
Solvent/
Catalyst/Ionic Liq
CO2  and O2  
From S-311
P-104
S-101
V-101
H-102
S-102
S-103
S-104
S-105
        H-101
S-106
S-107 S-108
S-111
S-113 to 
Section 200
S-112
S-109
S-110
S-114
CW
CW
S-101 S-102 S-103 S-104 S-105 S-106 S-107 S-108 S-109 S-110 S-111 S-112 S-113 S-114
Temperature F             77.00           77.00           77.00           392.00         392.20         100.00         392.00         105.00         105.00         105.00         119.20         105.00         392.00         354.50         
Pressure    psia          261.07         261.07         261.07         261.07         290.08         285.08         261.07         241.07         241.07         241.07         261.07         241.07         261.07         275.57         
Vapor Frac                -              -              1.00             -              -              -              1.00             0.46             1.00             1.00             1.00             -              -              -              
Per Reactor 
Component Flow (lb/hr)
acetic acid -              98.30           -              121,199.40   121,199.40   121,199.40   12,215.02     12,215.02     28.44           0.88             28.44           12,185.69     49,681.02     49,614.51     
p-xylene 11,788.83     -              -              5.97             5.97             5.97             0.82             0.82             0.01             0.00             0.01             0.81             2.46             0.29             
oxgyen -              -              10,836.55     152.72         152.72         152.72         7,175.87       7,175.87       6,931.11       214.36         6,931.11       30.40           63.93           -              
terephthalic acid (s) -              -              -              22,037.68     22,037.68     22,037.68     -              -              -              -              -              -              17,637.81     -              
water -              -              -              12,581.40     12,581.40     12,581.40     2,294.68       2,294.68       8.83             0.27             8.83             2,285.57       4,678.33       658.32         
p-toluic acid (s) -              -              -              132.12         132.12         132.12         -              -              -              -              -              -              105.74         -              
4-carboxybenzaldehyde (s) -              -              -              458.30         458.30         458.30         -              -              -              -              -              -              366.79         -              
carbon dioxide -              -              63.22           69.31           69.31           69.31           2,898.59       2,898.59       2,601.82       80.47           2,601.82       216.30         28.46           -              
ionic liquid -              0.31             -              8.31             8.31             8.31             -              -              -              -              -              -              3.50             3.19             
catalyst -              0.31             -              8.31             8.31             8.31             -              -              -              -              -              -              3.50             3.19             
heavy weight impurities (s) -              -              -              121.40         121.40         121.40         -              -              -              -              -              -              97.16           -              
heavy weight impurities (aq) -              -              -              5,982.90       5,982.90       5,982.90       0.29             0.29             -              -              -              0.29             1,134.88       1,037.75       
air -              -              -              -              -              -              -              -              -              -              -              -              -              
Total Mass Flow   lb/hr         11,788.83   98.92          10,899.78   162,757.81 162,757.81 162,757.81 24,585.26   24,585.26   9,570.21     295.99        9,570.21     14,719.06   73,803.59   51,317.24   
All 6 Reactors 
Component Flow (lb/hr)
acetic acid -              589.78         -              727,196.40   727,196.40   727,196.40   73,290.10     73,290.10     170.67         5.28             170.67         73,114.15     298,086.11   297,687.07   
p-xylene 70,733.00     -              -              35.82           35.82           35.82           4.90             4.90             0.03             0.00             0.03             4.87             14.75           1.73             
oxgyen -              -              65,019.33     916.31         916.31         916.31         43,055.24     43,055.24     41,586.68     1,286.19       41,586.68     182.38         383.56         -              
terephthalic acid (s) -              -              -              132,226.08   132,226.08   132,226.08   -              -              -              -              -              -              105,826.87   -              
water -              -              -              75,488.39     75,488.39     75,488.39     13,768.07     13,768.07     53.01           1.64             53.01           13,713.42     28,070.00     3,949.93       
p-toluic acid (s) -              -              -              792.73         792.73         792.73         -              -              -              -              -              -              634.46         -              
4-carboxybenzaldehyde (s) -              -              -              2,749.77       2,749.77       2,749.77       -              -              -              -              -              -              2,200.77       -              
carbon dioxide -              -              379.34         415.84         415.84         415.84         17,391.54     17,391.54     15,610.90     482.81         15,610.90     1,297.82       170.74         -              
ionic liquid -              1.86             -              49.86           49.86           49.86           -              -              -              -              -              -              20.98           19.13           
catalyst -              1.86             -              49.86           49.86           49.86           -              -              -              -              -              -              20.98           19.13           
heavy weight impurities (s) -              -              -              728.42         728.42         728.42         -              -              -              -              -              -              582.99         -              
heavy weight impurities (aq) -              -              -              35,897.39     35,897.39     35,897.39     1.71             1.71             -              -              -              1.71             6,809.30       6,226.47       
air -              -              -              -              -              -              -              -              -              -              -              -              -              -              
Total Mass Flow   lb/hr         70,733.00   593.50        65,398.66   976,546.86 976,546.86 976,546.86 147,511.55 147,511.55 57,421.28   1,775.92     57,421.28   88,314.35   442,821.51 307,903.45 
SECTION 100: OXIDATION OF P-XYLENE – SINGLE REACTOR
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R-101
E-131
R-102 R-103
T-101
P-101
T-102
P-102
R-104 R-105 R-106
O2 CO2
P-xylene
Acetic Acid
Ionic Liquid
Catalyst
SECTION 100: OXIDATION OF P-XYLENE – REACTOR NETWORK
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DR-201
B-201
S-202 to 
Section 300
P-201
S-207 to 
Section 300
C-101 C-202
S-208
SC-201
CB-201
SC-202
CB-202
TC-201
CB-203
S-215
V-201
A-201
V-202
H-201
S-113
S-113
S-113
S-113
S-113
S-113
S-203
S-203
S-205
S-205
S-204
S-206
S-211
S-209 (1)
S-210
S-200
S-200
S-200
S-200
S-200
S-200
S-201
B-202
S-209 (2)
CW
50 psi 
steam
S-213 (1)
S-213 (2)
S-214
B-203
H-202
S-212
SECTION 200: TPA PRODUCT SEPARATION AND PROCESSING
S-113 S-200 S-201 S-202 S-203 S-204 S-205 S-206 S-207 S-208 S-209 (2) S-210 S-211 S-212 S-213 (2) S-214 S-215
Temperature F             392.00           311.90           287.90           327.90           287.90           287.90           287.90           280.30                  281.20            77.00             339.40           105.00           105.00           105.00           155.70           250.00           225.50           
Pressure    psia          261.07           50.00             35.00             50.00             35.00             35.00             35.00             35.00                   115.00            35.00             40.00             40.00             40.00             40.00             50.00             35.00             25.00             
Vapor Frac                -                0.20               1.00               1.00               -                -                -                -                       -                 1.00               1.00               0.89               -                1.00               1.00               1.00               -                
Component Flow (lb/hr)
acetic acid 49,681.02       49,681.02       64,208.20       64,208.20       116,938.95     11,693.90       111,092.01     233,767.87            233,767.87      -                13,245.82       13,245.82       11,583.86       83.10             1,578.86         1,581.43         29.51             
p-xylene 2.46               2.46               3.75               3.75               5.50               0.55               5.23               11.00                   11.00              -                0.64               0.64               0.54               0.01               0.09               0.09               0.00               
oxgyen 63.93             63.93             382.70           382.70           0.43               -                0.43               0.86                     0.86                -                -                -                -                -                -                -                -                
terephthalic acid (s) 17,637.81       17,637.81       -                -                52,913.44       105,826.87     -                -                       -                 -                -                -                -                -                -                -                105,826.87     
water 4,678.33         4,678.33         9,593.12         9,593.12         9,238.44         923.84           8,776.52         18,467.43             18,467.43        -                1,123.29         1,123.29         914.40           10.45             198.45           200.83           1.38               
p-toluic acid (s) 105.74           105.74           -                -                317.23           634.46           -                -                       -                 -                -                -                -                -                -                -                634.46           
4-carboxybenzaldehyde (s) 366.79           366.79           -                -                1,100.38         2,200.77         -                -                       -                 -                -                -                -                -                -                -                2,200.77         
carbon dioxide 28.46             28.46             169.61           169.61           0.57               -                0.57               1.14                     1.14                -                -                -                -                -                -                -                -                
ionic liquid 3.50               3.50               -                -                10.49             1.05               9.97               19.94                   19.94              -                -                -                -                -                -                -                1.05               
catalyst 3.50               3.50               -                -                10.49             1.05               9.97               19.94                   19.94              -                -                -                -                -                -                -                1.05               
heavy weight impurities (s) 97.16             97.16             -                -                291.49           582.99           -                -                       -                 -                -                -                -                -                -                -                582.99           
heavy weight impurities (aq) 1,134.88         1,134.88         0.60               0.60               3,404.36         340.44           3,234.14         6,487.89               6,487.89          -                19.61             19.61             19.61             -                -                -                320.82           
air -                -                -                -                -                -                -                21.45                   21.45              2,895.09         57,496.80       57,496.80       21.45             2,873.77         54,601.58       57,496.87       0.07               
Total Mass Flow   lb/hr         73,803.59     73,803.59     74,357.96     74,357.96     184,231.77   122,205.91   123,128.82   258,797.50         258,797.50    2,895.09       71,886.15     71,886.15     12,539.86     2,967.32       56,378.98     59,279.21     109,598.97   
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From S-207
H-301
A-301 A-302
P-303
S-302
From S-202
S-301
D-301
D-302
P-301
H-303
S-305
50 psi 
steam
S-311 to 
Section 100
S-309 (1)
S-310
H-306
S-308
S-309 (2)
S-303
cw
S-311
S-303
S-305
F-301
S-304
S-307
S-202 S-207 S-301 S-302 S-303 S-304 S-305 S-306 S-307 S-308 S-309 (2) S-310 S-311
Temperature F             327.90         281.20         100.00         100.00         376.00         379.20         260.50         264.30         264.30         264.30         111.60         280.00         351.50         
Pressure    psia          50.00           115.00         95.00           95.00           98.45           20.00           20.00           20.00           20.00           20.00           20.00           20.00           20.00           
Vapor Frac                1.00             -              1.00             -              -              -              -              -              -              -              -              -              -              
Component Flow (lb/hr)
acetic acid 64,208.20     233,767.87   Trace 47.58           228,490.02   69,438.47     22,858.02     46,580.44     2,329.02       44,251.42     2,087.61       241.41         297,687.07   
p-xylene 3.75             11.00           6.53             6.48             1.16             0.58             0.09             0.49             0.02             0.46             0.02             0.00             1.73             
oxgyen 382.70         0.86             379.49         4.07             -              -              -              -              -              -              -              -              -              
terephthalic acid (s) -              -              -              -              -              -              -              -              -              -              -              -              -              
water 9,593.12       18,467.43     2.81             24,107.25     3,407.74       542.76         348.88         193.88         9.69             184.19         9.13             0.56             3,949.93       
p-toluic acid (s) -              -              -              -              -              -              -              -              -              -              -              -              -              
4-carboxybenzaldehyde (s) -              -              -              -              -              -              -              -              -              -              -              -              -              
carbon dioxide 169.61         1.14             136.58         34.16           -              -              -              -              -              -              -              -              -              
ionic liquid -              19.94           -              -              3.76             16.18           -              16.18           0.81             15.37           -              0.81             19.13           
catalyst -              19.94           -              -              3.76             16.18           -              16.18           0.81             15.37           -              0.81             19.13           
heavy weight impurities (s) -              -              -              -              -              -              -              -              -              -              -              -              -              
heavy weight impurities (aq) 0.60             6,487.89       -              -              1,235.26       5,253.22       -              5,253.22       262.66         4,990.56       0.65             262.01         6,226.47       
air -              21.45           13.05           8.40             -              -              -              -              -              -              -              -              -              
Total Mass Flow   lb/hr         74,357.96   258,797.50 538.47        24,207.94   233,141.69 75,267.37   23,206.99   52,060.38   2,603.02     49,457.36   2,097.41     505.61        307,903.45 
SECTION 300: SOLVENT RECOVERY AND RECYCLE
H-302
H-304
S-306
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3.1 Brief Outline of Process 
 
Section 100 
This section consists of six continuously stirred tank reactors in parallel. For each reactor, room 
temperature p-xylene and make-up solvent, with catalyst and promoter, are pressurized and fed 
into the reactor along with recycled solvent from section 300. Pressurized oxygen and carbon 
dioxide are sparged from the bottom of the reactor to generate mixing. The reactor outlet is a 
slurry stream consisting mainly of solid product, acetic acid, and water. This slurry stream is sent 
to Section 200 and Section 300 for separation and solvent recycle. As the reaction is highly 
exothermic, enough heat to allow the CSTR to run isothermally at the desired temperature and 
pressure is removed through two cooling systems, a reflux condenser that cools the vapors and 
recondenses vaporized solvent and water and a pumparound exchanger that circulates slurry that 
is cooled with cooling water. 
 
 Section 200 
In this section, the slurry streams from each reactor are depressurized to a pressure close to 
atmospheric pressure. Due to the decrease in pressure, a portion of the liquid in the slurry stream 
vaporizes, which is separated out in a flash vessel and sent to Section 300 for solvent separation. 
The rest of the slurry is sent to a centrifuge where the majority of the mother liquor is separated 
from the solid product and also sent to Section 300. The wet cake from the centrifuge is sent to a 
dryer, in which air removes the remaining liquid by vaporizing it. To handle the transport of 
solids, belt conveyors and screw conveyors are utilized.  The product is stored in silos (bins) and 
shipped from the plant in tank cars.  
 
Section 300 
Before the acetic acid can be recycled back to the oxidation reactor, a series of separations must 
take place to purify the solvent. The vapor and liquid streams from Section 200 are blown and 
pumped, respectively, to the first distillation column. The first distillation column removes non-
condensables and water from acetic acid. Moreover, a side stream of mostly acetic acid is sent 
straight back to the reactor without further purification. The remaining acetic acid in the bottoms 
is further purified in a second, smaller distillation column and a falling film evaporator to remove 
  Cao, Chang, Kaufman 
16 
 
heavy weight impurities. Unfortunately, a portion of ionic liquid, which has virtually no vapor 
pressure, is also discarded along with the heavy weights. The purified streams of acetic acid are 
recycled back to the reactor. 
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4.0 Detailed Process Descriptions 
This section will provide a detailed description and explanation for each section in the process 
flow diagram and discuss the design and selection of operating conditions for major equipment. 
Because the process utilizes a non-corrosive ionic liquid promoter, all major equipment items are 
chosen to be constructed out of stainless steel. All of the results were generated using ASPEN 
Plus V. 7.2.  
 
4.1 Section 100: Reactor Network View  
Six identical continuously-stirred tank reactors (R-101 through R-106) in parallel are used as 
oxidation reactors. P- xylene feed for each of the reactors is drawn the bottom of storage tank T-
101 at 3.0 psig and 77 °F and pumped into each of the oxidation reactors. The acetic acid fed to 
the reactors is partially make-up solvent drawn from T-102, which is at the same conditions as T-
101, and recycled acetic acid from Section 300. Make-up ionic liquid and catalyst, which are 
soluble in acetic acid, are injected into the make-up acetic acid feed before the reactor inlet. 
Make-up oxygen and carbon dioxide at a temperature of 77 °F and a pressure of 261.1 psi are 
distributed by pipeline to each of the reactors. 
 
4.2 Section 100: Single Reactor Explanation  
This section will describe, in detail, one of the six reactors. R-101 is at an operation temperature 
of 392 °F and an operating pressure of 261.1 psia. Fresh p-xylene feed (S-101) is pumped into 
the reactor at 261.1 psia and enter the vessel at room temperature, which is around 77 °F. The 
majority of solvent, catalyst, and ionic liquid fed into the reactor is recovered from downstream 
(S-311) and enters the reactor at 354.5 °F and 275.57 psia, which is a slightly higher than reactor 
operating pressure to allow for line pressure losses. The make-up solvent, catalyst, and ionic 
liquid enter the reactor through S-102 at 77 °F and 261.1 psia.  
Acetic acid and water (a by-product of the oxidation reaction) carry the TPA product as well as 
other solid by-products such as p-toluic acid, 4-CBA, and other unidentifiable heavy weight 
impurities as a slurry (S-113) downstream to Section 200. The slurry is approximately 25 wt% 
solids.     
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Due to the highly exothermic oxidation reaction, R-101 generates 51,421,309 btu/hr of heat that 
must be removed in order to allow the reactor to operate adiabatically at the specified 
temperature and pressure. A reflux condenser (H-102), which sits on top of the reactor, takes in a 
feed of 100% vapor that is comprised of vaporized acetic acid, water, and gases at 392 °F and 
cools the stream to 105 °F using cooling water. Because the cooled outlet of the hot stream (S-
108) has a vapor fraction of 0.46 from the condensation of acetic acid and vapor, a flash vessel 
(V-101) that operates adiabatically separates the vapor and liquid streams and sends them back to 
the reactor, S-111 and S-112, respectively. Because H-102 is located above the vessel, S-112 
falls back into the reactor vessel without the need of an additional pump. In order to prevent 
build up, a small gas purge (S-110) is taken off the top of the flash vessel.  
The remaining heat generated in the reactor is removed with a pumparound heat exchanger 
system (P-103 and H-101) that continuously pumps out a large flow of the slurry product stream 
(S-105) at 392 °F and 290.08 psia, cools it to 100 °F using cooling water,  and recirculates the 
cold slurry back to the reactor. It was found that the pumparound must handle a flow rate of 
162,758 lb/hr at a pressure of 261.1 psia in order to adequately cool the reactor. Because we are 
sending a slurry that is 25 wt% solids through P-103 and H-101, it is important to closely 
monitor the units and prepare spares to reduce downtime for maintenance purposes.  
 
4.3 Section 200: Product Separation and Processing  
 In this section, the six reactor slurry streams (S-113) are depressurized isentropically from 261.1 
psia and 392 °F to 50.0 psia and 311.0 F using valves suitable for handling solids. The valves are 
set up in sets of two, with one valve (blacked out in the PFD) as a back-up for when the other 
valve needs to be taken out for maintenance. Due to the drastic pressure drop of close to 200 psia, 
a portion of the slurry liquid vaporizes, resulting in a stream that is 20% vapor. The streams feed 
into a flash vessel (S-201) that operates adiabatically to separate the new slurry and the vapor 
streams at an outlet flash temperature of 287.9 °F. There is an assumed 15 psi pressure drop 
associated with V-201, resulting in an outlet pressure of 35 psia for the two streams. S-201 is 
blown using B-201 to Section 300.  
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The resulting slurry is fed to two centrifuges (C-101 and C-102) running in parallel at 35 psia 
and 287.9 °F. The mother liquor –exiting the centrifuges (S-205) are accumulated in a drum (A-
201) and pumped to Section 300 (S-207).  Exiting the centrifuge, the wet cakes are 90 wt% 
solids (S-204) and transported to a Wyssmont dryer (DR-201) through the use of two screw 
conveyers (SC-201 and SC-202) followed by two belt conveyors (CB-201 and CB-202). 
 DR-201 uses a mixture of fresh dry air at 77 °F and 35 psia (S-208) that is heated in heat 
exchanger H-202 and recycled exit vapors (S-214) to dry crude TPA. To prepare the exit vapors 
(S-209 (1)) to be recycled back into the dryer, the exit vapors – comprised of air, acetic acid, 
water, and a very small amount of unreacted PX - are cooled from 339.4 °F to 105 °F in H-201, a 
shell and tube heat exchanger, using cooling water. The majority of the acetic acid and water that 
is removed from the wet cakes stays in vapor form, even after H-201; however, a small amount 
is condensed and is separated in flash vessel V-202 and sent to A-201 to be sent to Section 300. 
The non-condensed exit vapors are then blown  by B-203 to a heat exchanger that heats the 
vapor stream from 155.7 °F back to 250 F to re-enter the dryer (S-214). A fresh feed of make-up 
air (S-208) is also heated in the H-202 from 77 °F to 250 °F 
Finally, the dry product (S-215) is transported from the dryer at 225 °F and 25 psia by a belt 
conveyor and loaded into tank cars in 1 ton bags.  
 
4.4 Section 300: Solvent Recovery and Recycle 
In this section the liquid (S-207) and vapor (S-203) streams from Section 200 are fed to a series 
of separators to recover acetic acid, catalyst, and ionic liquid to circulate back to Section 100. 
The first column, D-301, removes water and non-condensables as the liquid and vapor distillates, 
respectively.  Both feeds enter in on Stage 16 of 25, which operates at 200 °F and 95 psia. D-301 
has a partial condenser that produces a liquid distillate containing mostly water (S-302) that is 
sent to wastewater treatment. A side stream comprised of 98 wt% acetic acid on stage 24 is sent 
directly to the solvent recycle stream (S-311). The bottoms of D-301 (S-304), which contains 
acetic acid along with most of the catalyst, ionic liquid, and heavy weight impurities is sent to a 
second distillation column, D-302.  
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D-302 contains 9 stages and operates at near-atmospheric pressure of 6 psig and 262 °F. The 
feed (S-304) comes in on the stage 4. This column further purifies acetic acid by taking out 
acetic acid as the distillate (S-305), which is added to the recycle stream, S-311. The bottoms 
product of this column is rich in ionic liquid and catalyst, but unfortunately also in heavy weight 
impurities that need to be removed. The majority of the bottoms (S-308) is sent to S-311 to be 
recycled.  
However, to prevent accumulation of residue from heavy weight impurities, a portion of the 
bottoms is sent to a falling film evaporate (F-301), which further separates acetic acid from 
heavy weights, ionic liquid, and catalysts using 50 psig steam. The falling film evaporator 
vaporizes the acetic acid, which is sent through H-305 to be cooled with cooling water to 
111.6 °F and near-atmospheric pressure (S-309 (2)). This stream is then sent to S-311 to recycle 
back to Section 100. We have determined that it is difficult and too costly to separate and recover 
our catalyst and ionic liquid from the heavy weight impurities, and thus, have decided to allow 
the catalyst and ionic liquid in S-310 to be discarded with the heavy weights and sent to 
wastewater treatment.     
 
4.5 Modeling Considerations and Process Decisions 
4.5.1 Reactor 
The oxidation reactor in Section 100 was modeled in ASPEN Plus V. 7. 2as a stoichiometric 
reactor (RSTOIC) by specifying fractional conversions specified by the SABIC patent. 
Fractional conversions of the reactants in the SABIC patent were based off composition analyses 
of product streams conducted in lab-scale experiments. A CSTR with gas sparging for agitation 
was chosen due to the large excess of O2 and CO2 in the reactor, which eliminated the necessity 
of a mechanical agitator. The only kinetic data given in the patent was a residence time of 2 
hours for a nearly complete conversion of p-xylene. It is recommended that further research be 
conducted into the kinetics of the reaction, which may provide more insight on the details of the 
oxidation reaction. 
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4.5.2 Oxygen Source 
A customized oxygen source containing 85 wt% molecular oxygen and 15 wt% carbon dioxide 
was chosen over air for several reasons. First, this mixture was chosen as per the guidance of the 
SABIC patent, which states that this mixture of pure oxygen and carbon dioxide reduces reaction 
time and limits side reactions. Secondly, in an effort to reduce the size of the reactors needed, 
oxygen and carbon dioxide were chosen instead of an air feed. The ratio of oxygen to p-xylene in 
the reactor was chosen, as recommended by the patent, to be 5:1 on a mole basis. To produce 
106,000 pounds of TPA per hour using molecular oxygen in the presence of carbon dioxide, six 
50,000 gallon reactors are needed. With air as the oxygen source, which is only 21% oxygen, it 
is estimated that we would need at least eight 50,000 gallon reactors. In an effort to minimize the 
number of reactors needed, we decided that our customized oxygen source would be optimal for 
the project.  
4.5.3 Solids Modeling in ASPEN Plus 
In ASPEN Plus, we modeled our process as an oxidation reaction that produces entirely solid 
products and by-products, with the exception of the heavy weight impurities which we assumed 
were half solid and half aqueous. In actuality, TPA and the by-products are slightly soluble in 
acetic acid, and thus, not all of it is instantaneously solid at 392 F and 261.1 psia. However, after 
looking at melting temperatures of p-toluic acid and 4-CBA and solubility data for TPA in acetic 
acid (95% of the acetic acid produced in our modeled reactor would be a precipitate), we decided 
that it was reasonable to model the products as solids in ASPEN Plus.    
4.5.4 Heat Removal from the Reactors  
In total, all six reactors generate over 308 million btu/hr of heat that need to be removed. Careful 
consideration was taken to design the best way to remove the heat. The options we thought of 
included using cooling coils on the bottom of the reactors, a cooling jacket around the reactors, a 
large reflux condenser that would remove all of the heat by condensing vaporized solvent and 
water, and a pumparound exchanger to cool and continuously circulate the slurry stream. The 
cooling coils option was eliminated as the solid products would cake on top of the cooling coils 
and interfere with the air sparging. Moreover, the amount of heat that needed to be taken out 
would require an enormous area for the cooling coils, which was not possible in the CSTRs. 
Along the same lines, a cooling jacket would not be enough to remove all of the heat produced 
and our 50,000 gallon tanks are too large for jackets to be effective in heat transfer as the surface 
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area to volume ratio is not large enough in a 50,000 gallon reactor. The reflux condenser was 
originally a promising option; however, upon inspection into the details of a reflux condenser 
design, the amount of vapor we would need to recondense to remove all of the heat would 
require an enormous reactor that is infeasible. Thus, the best option for heat removal is the 
pumpround heat exchanger system described in Section 100. While we originally wanted to 
avoid pumping around a slurry stream that is 25% solids, it is much better and much more 
effective than any of our other options and allows us to keep the size of the reactors we currently 
have designed.  
4.5.5 Solvent Separation  
It was determined that recovering the maximum amount of acetic acid in the separation section is 
the most economical option (see page 89 for the analysis). To accomplish this, a series of two 
columns is used to separate acetic acid, catalyst, and ionic liquid from water and high molecular 
weight impurities for recovery to Section 100. Recovering acetic acid, ionic liquid, and catalyst 
is necessary for economic success. The purpose of the first tower, D-301, is to remove water 
from the process. The distillate of D-301 removes 75% of the water entering the tower; the 
stream is sent to a wastewater treatment facility. The bottoms product of D-301 becomes the feed 
to the second column, D-302.  The purpose of D-302 is to separate high molecular weight 
impurities from acetic acid. In order to keep the size of D-302 minimal, a side stream primarily 
containing acetic acid is taken from D-301, thus keeping the boilup in D-302 low. The side 
stream is sent directly to recovery. The vapor coming off D-302 is mainly acetic acid and is sent 
directly to recovery. A 5% purge is taken off the bottoms of D-302 in order to control 
accumulation of the high molecular weight impurities produced in the process. The 5% purge is 
sent to a falling film evaporator where 92% of the acetic acid is recovered and then condensed in 
a heat exchanger before joining the other recovery streams. The concentrated stream of organics 
leaving the falling film evaporator is sent to waste water treatment.  
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5.0 Energy Balance and Utility Requirements 
This section explains the energy balance across the system boundary and the total utilities that 
are needed to be supplied to the TPA production plant. As shown in the table below, the net 
amount of heat that needs to be removed is 324,655,944 Btu/hr. This is due to the highly 
exothermic reaction between oxygen and p-xylene. In order to sufficiently cool the reactor, all 
heat was removed through a pumparound system in which the reaction slurry is cooled using 
cooling water at 90°F. Even though there is a large amount of heat that can be harnessed to do 
useful work, no steam is produced in the TPA production plant. This decision is based on the 
importance of cooling the reactor to the lowest temperature possible in order to maintain its 
isothermal temperature and stability.   
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5.1 Energy Balance
 
 
5.2 Utility Requirements 
Since the TPA production plant is located on the Gulf Coast, all utilities are assumed to be 
readily available through local companies or other production plants nearby. The cost for utility 
is estimated using figures in Product and Process Design Principles and adjusted using the CE 
index of 541.8 for 2010. Tables and brief descriptions presented below summarize the utilities 
requirements for each section of the TPA production plant.  
Equipment Description Total Duty (Btu/hr) Source/Sink Notes
H-101 Heat Exchanger ( 6 in total) (308,527,856)          Cooling Water 48,705lb/hr of cooling water at 90F
H-102 Heat Exchanger (6 in total) (6,579,153)              Cooling Water 6,141 lb/hr of cooling water at 90F
B-101 Blower ( 6 in total) 1,053,819               Electricity 52kW of electricity each
P-101 Pump 61,091                    Electricity 24 kW of electricity
P-102 Pump 2,087                      Electricity 2.07 kW of electricity
P-103 Pump ( 6 in total) 91,636                    Electricity 5.5 kW of electricity each
P-104 Pump 272,364                  Electricity 109 kW of electricity
(313,626,011)          Btu/hr
Equipment Description Total Duty (Btu/hr) Source/Sink Notes
B-201 Blower 1,056,365               Electricity 331kW of electricity
B-202 Blower 2,135,639               Electricity 625kW of electricity
B-203 Blower 689,819                  Electricity 202kW of electricity
C-201 Centrifuge (2 in total) 159,091                  Electricity 322kW of electricity for each 
P-201 Pump 71,273                    Electricity 28kW of electricity 
H-201 Heat Exchanger (7,199,038)              Cooling Water 6818 lb/hr of cooling water at 90F
H-202 Heat Exchanger 1,289,053               Cooling Water 79,292.5 lb of steam ( 50 psi)
DR-201 Dryer 1,037,180               Electricity 303kW of electricity
(760,619)                 Btu/hr
Equipment Description Total Duty (Btu/hr) Source/Sink Notes
H-305 Heat Exchanger (475,085)                 Cooling Water 17,350 lb/hr of cooling water at 90F
D-301 Distillation Condenser (178,242,690)          Cooling Water 6,095,586lb/hr of cooling water at 90F
D-301 Distillation Reboiler 168,340,491           Steam 208,731 lb/hr of 450 psi steam
P-301 Reflux Pump 80,869                    Electricity 5.4 kW of electricity
D-302 Distillation Condenser (6,633,576)              Cooling Water 234,271 lb/hr of cooling water at 90F
D-302 Distillation Reboiler 6,148,708               Steam 2,840 lb/hr of 50psi steam
P-303 Reflux Pump 27,313                    Electricity 2.4 kW of electricity
(10,269,315)            Btu/hr
(324,655,944)          Btu/hrNet Duty for Entire Process
Section 100
Section 200
Section 300
Net Total Duty for Section 300
Net Total Duty for Section 200
Net Total Duty for Section 100
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5.2.1 Electricity 
The TPA production requires a total of 2620.8 kW of electricity to run all the pumps, blowers 
and centrifuges. The electricity for screw conveyors and conveyors belts are negligible; therefore, 
they are not taken into consideration. Electricity will be purchased from local electric companies 
at an estimated price of $0.06/kWh.  
 
 
5.2.2 Cooling Water 
A total of 6701410.33lb of cooling water is used per hour to produce 105827lb of TPA. Cooling 
water at 90°F and 1 psia is used to remove heat from streams and is heated up to 120°F, which is 
the highest disposal temperature allowed by regulatory agencies. The cost of cooling water is 
estimated to be $0.000009/lb and is readily available through local companies. 
 Equipment Electricity Required (kW)
B-101 (6 in total) 312.0                                 
B-201 331.0                                 
B-202 625.0                                 
B-203 202.0                                 
C-201 (2 in total) 644.0                                 
P-101 24.0                                   
P-102 2.0                                     
P-103 33.0                                   
P-104 109.0                                 
P-201 28.0                                   
P-301 5.4                                     
P-303 2.4                                     
DR-201 303.0                                 
Total 2,620.8                              
Electricity
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5.2.3 50 psig Steam 
A total of 82705.68lb/hr of 50psig steam is needed to run the TPA production plant. It is mainly 
used to heat up nitrogen that is needed to dry the wet TPA product. The remaining amount is 
used for the distillation reboiler and the falling film evaporator. 50psig steam enters the system at 
312 F and 50psig and leaves as saturated vapor. Low pressure steam can be purchased from 
nearby production plants or local companies at an estimated price of $0.003/lb.  
 
 
5.2.4 450 psig Steam 
High pressure steam is only used for the reboiler of the first distillation column. Low pressure 
steam at 50psig could not sufficiently heat up the reboiler due to its high temperature and 
pressure. A total of 208731.05lb/hr of 450psig steam is needed for the entire TPA production 
plant. The cost for high pressure steam is estimated to be $0.0066/lb and will be purchased 
through pipelines from nearby production plants.  
 Equipment Cooling Water (lb/hr)
H-101 292,230.0                          
H-102 36,846.0                            
H-201 6,818.0                              
H-305 17,350.0                            
D-301 6,095,586.2                       
D-302 234,271.2                          
F-301 18,309.0                            
Total 6,701,410.3                       
Cooling Water
 Equipment 50 psi steam (lb/hr)
H-202 79,292.5                            
D-302 2,840.4                              
F-301 572.7                                 
Total 82,705.7                            
50 psi Steam
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5.2.5 Waste Water Treatment 
A total of 329.637lb/hr of waste water collected from the distillation towers are sent to treatment 
center before disposal. Streams S-302 and S-310 contain water, acetic acid and small amount of 
high molecular weight organic compounds which would pose environmental hazards if disposing 
inappropriately. The cost for waste water treatment is estimated to be $0.163/lb and will be sent 
to treatment centers via pipelines.  
 
 Equipment 450 psi steam (lb/hr)
D-301 208,731.0                          
Total 208,731.0                          
450 psi Steam 
Streams lb/hr 
S-302 88.2                                   
S-310 241.4                                 
Total 329.6                                 
Waste Water Treatment 
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6.0 Equipment Lists and Unit Descriptions 
Equipment costs are estimated using Excel file Capital Cost Estimation Version 7.3, which is 
derived from guidelines in Product and Process Design Principles 3
rd
 Edition by Seider et al. 
(Seider, Seader, Lewin, & Windagdo, 2009). Key parameters in determining the purchase costs 
are calculated manually and are presented in the Appendix.  The Excel file uses a CE index of 
500; therefore, all purchase costs are manually adjusted using a CE index of 541.8 of year 2010 
according to the equation below to yield a more updated result. 
                
 
  ase
  
Stainless steel is chosen as construction material for most of the equipments involved in the TPA 
production. The decision is made based on the following considerations. The reaction involved 
in producing TPA releases a large amount of heat and a product stream of approximately 30% 
solid. Stainless steel will enhance system stability and prevent equipment erosions, in which 
reduce the cost associated with equipment replacements and maintenance.  
This section is divided into three parts: 
I. Equipment Costs for each section 
II. Detailed Unit Descriptions 
III. Equipment Specification Sheet 
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6.1 Equipment Costs by Section 
 
 
 
 
 
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Reactors (R-101,6 in total) Fabricated Equipment $3,757,852 4.16 $15,632,666
Blower (B-101, 6 in total) Process Machinery $100,684 2.5 $251,709
Flash Vessel (V-101, 6 in total) Fabricated Equipment $435,802 4.16 $1,812,937
Pump (P-101) Process Machinery $4,398 4.3 $18,911
Pump (P-102) Process Machinery $3,351 4.3 $14,409
Pump (P-103) Process Machinery $44,358 4.3 $190,740
Pump (P-104) Process Machinery $7,008 4.3 $30,133
Heat Exchanger (H-101) Fabricated Equipment $380,942 6.4 $2,438,027
Heat Exchanger (H-102) Fabricated Equipment $94,988 6.4 $607,926
P-X Storage Tank (T-101) Storage $688,848 1 $688,848
Solvent Storage Tank (T-102) Storage $118,332 1 $118,332
Heat Exchanger (H-101) Spares $380,942 6.4 $2,438,027
Pump (P-103) Spares $44,358 4.3 $190,740
Total $6,061,863 $24,433,405
Equipment Costs for  Section 100
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Blower (B-201) Process Machinery $182,524 2.5 $456,309
Blower (B-202) Process Machinery $255,424 2.5 $638,561
Blower (B-203) Process Machinery $125,192 2.5 $312,979
Flash Vessel (V-202) Fabricated Equipment $51,467 4.16 $214,105
Surge Vessel (V-201) Fabricated Equipment $202,901 4.16 $844,066
Centrifuge ( 2 in total) Process Machinery $650,160 1 $650,160
Pump (P-201) Process Machinery $5,364 4.3 $23,064
Heat Exchanger (H-201) Fabricated Equipment $44,068 6.4 $282,034
Heat Exchanger (H-202) Fabricated Equipment $10,219 6.4 $65,405
Dryer Process Machinery $3,250,800 3.21 $10,435,068
SC-201 and SC-202 Process Machinery $26,842 1.61 $43,216
CB-201 and CB 202 Process Machinery $27,957 1.61 $45,011
CB-203 Process Machinery $20,968 2 $33,758
Total $4,853,886 $14,043,736
Equipment Costs  Section 200
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6.2 Equipment Costs by Equipment Type  
 
 
 
 
 
 
 
 
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Pump (P-301) Process Machinery $3,543 6.6 $25,342
Pump (P-303) Process Machinery $2,974 6.6 $21,271
Heat Exchanger (H-306) Fabricated Equipment $9,268 9.76 $98,054.59
Distillation Drum (D-301) Fabricated Equipment $1,413,506 4.16 $7,056,222.77
Condenser (H-301) Fabricated Equipment $79,869 11.41 $988,710
Reflux Accumulator (A-301) Fabricated Equipment $55,311 3.05 $168,699
Reboiler (H-302) Fabricated Equipment $96,018 11.6 $1,204,373
Distillation Drum (D-302) Fabricated Equipment $90,473 4.16 $376,369
Condenser (H-303) Fabricated Equipment $12,483 12.16 $164,454
Reflux Accumulator (A-302) Fabricated Equipment $31,040 3.05 $94,672
Reboiler (H-304) Fabricated Equipment $11,775 9.47 $120,808
Falling Film Evaporator (F-301) Fabricated Equipment $259,382 4.16 $688,615
Shift Tanks (T-301) (2 in total) Storage $178,689 1 $178,689
TPA Storage Tank (T-302) Storage $163,267 1 $163,267
Pump Motor (P-301) Process Machinery $4,141.06 1 $4,141.06
Pump Motor (P-303) Process Machinery $2,803.88 1 $2,803.88
Total $2,414,543 $11,356,491
$13,330,292 $49,833,632Total Equipment Cost for Entire Process 
Equipment Costs  Section 300
Type Purchase Cost Bare Module Cost
Fabricated Equipment $7,037,364 $32,858,143
Process Machinery $4,718,492 $13,197,586
Spares $425,300 $2,628,767
Storage $1,149,136 $1,149,136
Total $13,330,292 $49,833,632
Cost by Equipment Type
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6.3 Equipment Costs by Equipment Description  
 
 
 
 
 
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Blower (B-101, 6 in total) Process Machinery $100,684 2.5 $251,709
Blower (B-201) Process Machinery $182,524 2.5 $456,309
Blower (B-202) Process Machinery $255,424 2.5 $638,561
Blower (B-203) Process Machinery $125,192 2.5 $312,979
Total $663,824 $1,659,558
Blowers
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Flash Vessel (V-101, 6 in total) Fabricated Equipment $435,802 4.16 $1,812,937
Flash Vessel (V-202) Fabricated Equipment $51,467 4.16 $214,105
Reflux Accumulator (A-301) Fabricated Equipment $55,311 3.05 $168,699
Reflux Accumulator (A-302) Fabricated Equipment $31,040 3.05 $94,672
P-X Storage Tank (T-101) Storage $688,848 1 $688,848
Shift Tanks (T-301) (2 in total) Storage $178,689 1 $178,689
Solvent Storage Tank (T-102) Storage $118,332 1 $118,332
Surge Vessel (V-201) Fabricated Equipment $202,901 4.16 $844,066
TPA Storage Tank (T-302) Storage $163,267 1 $163,267
Total $1,925,657 $4,283,615
Vertical and Horizontal Vessels
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Distillation Drum (D-301) Fabricated Equipment $1,413,506 4.16 $7,056,222.77
Distillation Drum (D-302) Fabricated Equipment $90,473 4.16 $376,369
Total $1,503,979 $7,432,592
Distillation Columns
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Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Pump (P-101) Process Machinery $4,398 4.3 $18,911
Pump (P-102) Process Machinery $3,351 4.3 $14,409
Pump (P-103) Process Machinery $44,358 4.3 $190,740
Pump (P-103) Spares $44,358 4.3 $190,740
Pump (P-104) Process Machinery $7,008 4.3 $30,133
Pump (P-201) Process Machinery $5,364 4.3 $23,064
Pump (P-301) Process Machinery $3,543 6.6 $25,342
Pump (P-303) Process Machinery $2,974 6.6 $21,271
Pump Motor (P-301) Process Machinery $4,141.06 1 $4,141.06
Pump Motor (P-303) Process Machinery $2,803.88 1 $2,803.88
Total $122,299 $521,555
Pumps
Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Condenser (H-301) Fabricated Equipment $79,869 11.41 $988,710
Condenser (H-303) Fabricated Equipment $12,483 12.16 $164,454
Heat Exchanger (H-101) Fabricated Equipment $380,942 6.4 $2,438,027
Heat Exchanger (H-101) Spares $380,942 6.4 $2,438,027
Heat Exchanger (H-102) Fabricated Equipment $94,988 6.4 $607,926
Heat Exchanger (H-201) Fabricated Equipment $44,068 6.4 $282,034
Heat Exchanger (H-202) Fabricated Equipment $10,219 6.4 $65,405
Heat Exchanger (H-306) Fabricated Equipment $9,268 9.76 $98,054.59
Reboiler (H-302) Fabricated Equipment $96,018 11.6 $1,204,373
Reboiler (H-304) Fabricated Equipment $11,775 9.47 $120,808
Total $1,120,572 $8,407,819
Heat Exchangers 
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Equipment Description Type Purchase Cost Bare Module Factor Bare Module Cost
Centrifuge ( 2 in total) Process Machinery $650,160 1 $650,160
Dryer Process Machinery $3,250,800 3.21 $10,435,068
Falling Film Evaporator (F-301) Fabricated Equipment $259,382 4.16 $688,615
Reactors (R-101,6 in total) Fabricated Equipment $3,757,852 4.16 $15,632,666
CB-201 and CB 202 Process Machinery $27,957 1.61 $45,011
CB-203 Process Machinery $20,968 2 $33,758
SC-201 and SC-202 Process Machinery $26,842 1.61 $43,216
Total $7,993,961 $27,528,494
Other Equipment 
Total for Entire Process $13,330,292 $49,833,632
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6.4 Equipment Design Descriptions 
6.4.1 Reactors 
R-101: Reactors 
R-101 is an isothermal CSTR reactor tank that is operated at 392°F and 261psia with a residence 
time of 2 hours. The operating conditions are chosen to enhance product selectivity according to 
the SABIC patent. The estimated conversion of p-xylene into TPA is approximately 95.6%.  The 
rest of the remaining p-xylene is converted into 4-CBA, p-toluic acid and high molecular weight 
impurities. Acetic acid, ionic liquid promoter (1-ethyl-3-methylimidazolium bromide) and 
catalysts (cobalt acetate) are pumped from 15 pisa to 261 psia before feeding to the reactor. 
Oxygen and carbon dioxide are sparged in using spargers at the base of the reactor to enhance 
mixing and surface area of contact between p-xylene and oxygen. Carbon dioxide here is an inert 
species that gives better reaction selectivity to TPA, as mentioned in the SABIC patent. The 
oxidation reaction between oxygen and p-xylene is highly exothermic which generates 
308527856 Btu/hr of heat. In order to maintain the reactor isothermal, heat is removed using two 
method s. First, the reaction slurry is pumped to a heat exchanger with cooling water running at 
90°F. Second, the vapor generated in the reactor is condensed using cooling water and recycled 
back to the reactor at a lower temperature.  
A total of six reactors with diameter of 16ft, height of 31ft and volume of 45,000 gallons are 
employed in the production of TPA. The volume of the reactors is calculated using the volume of 
liquid which is adjusted using a gas correction value of 1.5 to account for the liquid expansion 
due to oxygen sparging.  Reactors are built using stainless steel to withstand the high operating 
pressure and temperature and to avoid erosion. The reactors are also assumed to be 90% full for 
stability control.  
Cost for each reactor is estimated using its dimensions and operating pressure. The purchase cost 
for each reactor is approximately $626,308.7. Therefore, the total purchase cost for all reactors is 
$3,757,852 and the total bare modulus cost for all reactors is $15,632,666.  
The reactor was modeled in Aspen Plus using a RSTOIC block and manually inputting the 
reaction extents. The streams were modeled using substreams CISOLID and CONVENTIONAL.  
For detailed equipment specification, please refer to page 47.  
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6.4.2 Blowers 
B-101: Blower 
This blower is used to recycle cooled vapor, which contains mainly oxygen and carbon dioxide 
back to the reactor. Six blowers are needed for the entire TPA production. The stream enters the 
blower at a pressure of 241 psia and leaves at a pressure of 261 psia. A centrifugal Turbo blower 
with sheet metal blades constructed with stainless steel will be used for this process. The blower 
has an indicated horsepower of 69hp and operates using 52kW of electricity. The estimated 
purchase cost for the blower is $16,780. For detailed equipment specification, please refer to 
page 48.  
B-201: Blower 
This blower is used to pump vapor from surge vessel (V-201) to distillation tower (D-301) for 
acetic acid purification. The discharge pressure of the blower is 50 psia in order account for loss 
of pressure in the surge vessel and pipelines. The blower is constructed using stainless steel and 
sheet metal blades. The indicated horsepower of the blower is 415hp and it consumes 331kW of 
electricity. The estimated purchase cost is $182,524.  For detailed equipment specification, 
please refer to page 49.  
B-202: Blower 
This blower pumps vaporized acetic acid and air from the dryer (DR-201) to a heat exchanger 
(H-201) for recondensing the acetic acid for recycling. The stream is discharged at a pressure of 
40 psia. This blower is also constructed using stainless steel and with sheet metal blades. The 
blower has an indicated horsepower of 839hp and operates using 625kW of electricity. The 
estimated purchase cost is $255,424. For detailed equipment specification, please refer to page 
50.  
B-203: Blower 
This block pumps air that is separated from acetic acid back to the dryer for reusing. The 
 lower‟s discharge pressure is 50psia. The  lower is also constructed using stainless steel, and 
with metal sheet blades. The indicated horsepower is 271hp. The blower requires 202 kW of 
electricity to operate and it has an estimated purchase cost of $125,192. For detailed equipment 
specification, please refer to page 51.  
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6.4.3 Vertical Pressure Vessels 
V-101: Flash vessel 
The purpose of this flash vessel is to separate the vapor from the liquid after condensing the 
overhead vapor from the reactor. The vapor stream contains mainly oxygen and carbon dioxide; 
the liquid stream contains mainly recondensed acetic acid. A purge stream is used to avoid 
accumulation of impurities and byproducts. The flash vessel is adiabatic and requires no heat 
removal. The volume of the flash vessel is calculated using its liquid volume which is adjusted 
using a gas correction value of 1.2 and a residence time of 0.5 hr. The calculated diameter and 
height of the flash vessel are 5ft and 10ft respectively. The volume of the flash vessel is obtained 
to be 158ft
3
. Six flash vessels is needed for the entire process, one for each reactor. The material 
of construction is stainless steel and the estimated purchase cost for each flash vessel is $72633. 
For detailed equipment specification, please refer to page 52.  
V-201: Surge Vessel 
This flash vessel is used to further decrease the pressure of the reaction product stream before 
sending it to the centrifuge which is operated around atmospheric pressure. The discharge 
pressure of this flash vessel is 35 pisa. The flash vessel is also adiabatic and requires no heat 
removal.  Vapor is produced in the flash vessel due the pressure decrease. The vapor will be sent 
to distillation column (D-301) for solvent recovery and the slurry will be sent to centrifuges (C-
201 and C-202) for TPA isolation. The dimension of the flash vessel is calculated using its liquid 
volume with a gas correction value of 1.2. A residence time of 0.5 hr is used, as mentioned in the 
SABIC patent. The diameter and height calculated are 13ft and 25ft respectively. The volume of 
the flash vessel is estimated to be 3100 ft
3.
  The flash vessel is constructed using stainless steel to 
minimize erosion by the slurry and the estimated purchase cost for the vessel is $202,901. For 
detailed equipment specification, please refer to page 53.  
V-202: Flash Vessel 
The purpose of this flash vessel is to separate air from liquid acetic acid. Air is recycled back to 
dryer (DR-201); liquid acetic acid is sent to distillation column (D-301) for solvent recovery. 
This flash vessel is adiabatic and requires no heat removal.  The dimension of the flash vessel is 
calculated based on its liquid volume which is corrected by a gas correction value of 1.2. A 
residence time of 0.5 is also chosen to for the calculation. The calculated dimensions are 5ft in 
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diameter and 10ft in height, with a total volume of approximately 200 ft
3
. The flash vessel is 
constructed using stainless steel and is estimated to have a purchase cost of $51,467. For detailed 
equipment specification, please refer to page 54.  
6.4.4 Horizontal Pressure Vessels 
A-301: Reflux Accumulator 
A-301 is the reflux accumulator for column D-301. The accumulator collects 394ft
3
/hr and has a 
residence time of 5 minutes before splitting into reflux and distillate streams. The vessel is 13ft 
in length and 6.5 ft in diameter, made of Stainless Steel 304.  The operating pressure is 86psig 
and operating temperature of 100°F. The estimated purchase cost (CE=2010 541.8) is $55351.28, 
and the total bare module cost is $168,821.41. For detailed equipment specification, please refer 
to page 72.  
A-302: Reflux Accumulator 
 A-302 is the reflux accumulator for column D-302. The accumulator collects 403ft
3
/hr and has a 
residence time of 5 minutes before splitting into reflux and distillate streams. The vessel is 8 ft in 
length and 4 ft in diameter, made of Stainless Steel 304.  The operating pressure is 6 psig and 
operating temperature of 260°F. The estimated purchase cost (CE=2010 541.8) is $31,039.89, 
and the total bare module cost is $94,671.67. For detailed equipment specification, please refer to 
page 74.  
6.4.5 Distillation Columns 
D-301: Distillation Column 
D-301 is a stainless steel distillation column with 23 sieve trays (spaced 18‟‟ apart) that separates 
acetic acid from water. The column operates at 100psi and there is a 0.15psia pressure drop 
across each tray. The feeds, S-207 and S-202, enter on the 16
th
 stage. A side stream primarily 
containing acetic acid is taken off at the 24
th
 stage. The tray diameter was determined to  e 18‟6‟‟ 
using the RadFrac subroutine in ASPEN Plus. The distillate, S-302 is sent to a wastewater 
treatment facility.  The vapor distillate stream, S-301 contains mostly oxygen and carbon dioxide 
and is released into the atmosphere. The  ottom‟s stream,S-304, is fed directly into column D-
302.After including a standard 10 ft sump and 4 ft disengagement height, the total tower height is 
50 ft. The drum has a bare module cost of $7,468,955.59 (CE 2011=541.8). Since the diameter is 
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larger than 18‟, the equipment will have to  e field fa ricated, resulting in a 120% increase in 
price. For detailed equipment specification, please refer to page 71.  
D-302: Distillation Column 
D-302 is a stainless steel distillation column with 7 sieve trays (spaced 18‟‟ apart) that separates 
acetic acid from high molecular weight impurities. The column operates at 20psi and there is a 
0.15psia pressure drop across each tray. The feed, S-304, enters above the 4th stage. The tray 
diameter was determined to  e 4‟4‟‟ using the RadFrac su routine in ASPEN Plus. The distillate, 
S-305, is mostly acetic acid and is sent directly to Section 100. After including a standard 10 ft 
sump and 4 ft disengagement height, the total tower height is 26ft. The drum has a bare module 
cost of $376,369.74 (CE 2011=541.8). For detailed equipment specification, please refer to page 
73.  
F-401: Falling Film Evaporator 
F-401 is a falling film evaporator used to concentrate the heavy weight molecular impurities 
produced in the process. Additionally, the evaporator also serves to recover acetic acid. The 
evaporator operates at 280°F and 20 psi. The evaporator has a heat duty of 528636.89 BTU/hr 
and uses 573 lb/hr of 50 psi steam. The heat transfer coefficient is 350 BTU/lb-°F, as 
recommended  y Dr. Seider‟s text, and the heat transfer area is 210 ft2. The estimated purchase 
cost is (CE=2010 541.8) is $259,382.80, and the total bare module cost is $688,614.65. For 
detailed equipment specification, please refer to page 75.  
6.4.6 Pumps 
P-101: Centrifugal Pump 
The purpose of this pump is to increase the pressure of acetic acid from 15 psia to 261 psia 
before feeding it to the reactor. A centrifugal pump constructed using stainless steel is selected 
for this process. The pump has an indicated horsepower of 24 hp and energy requirement of 
24kW of electricity. The estimated purchase cost of this pump is $4,398. For detailed equipment 
specification, please refer to page 56.  
P-102: Centrifugal Pump 
This pump increases the pressure of the ionic liquid mixture containing cobalt acetate catalyst 
and 1-ethyl-3-methylimidazolium bromide from 15 pisa to 261 psia before feeding it to the 
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reactor. This pump is chosen to be a centrifugal pump made of stainless steel with an indicated 
horsepower of 0.82. The pump requires 2.07kW of electricity to operate and has a purchase cost 
of $3,351. For detailed equipment specification, please refer to page 57.  
P-103: Centrifugal Pump 
The purpose of this pump is to move the reactor slurry to a heat exchanger (H-101) in order to 
remove the large amount of heat generated in the reactor. A total of six pumps are needed, one 
for each reactor. Since the reactor slurry contains solids, these pumps could be easily eroded and 
six spare pumps are purchased in case of the need for replacements. The discharge pressure of 
this pump is 290psia which requires 5.5 kW of electricity to operate. This indicated horsepower 
of the pump is 6hp and the estimated purchase cost of each pump is $6,822.67. A total of twelve 
pumps will be purchased for this process. For detailed equipment specification, please refer to 
page 58.  
P-104: Centrifugal Pump 
The purpose of this pump is to pump recovered acetic acid from distillation columns (D-301 and 
D-302) back to the reactor (R-101) for reusing. The discharge pressure of this pump is 276 psia, 
which is higher than the reactor pressure 261 psia to account for the possible pressure loss in 
pipelines. A centrifugal pump made of stainless steel with an indicated 107hp is selected for this 
process. The pump operates using 109kW of electricity. The purchase cost for this pump is 
estimated to be $7,008. For detailed equipment specification, please refer to page 59.  
P-201: Centrifugal Pump 
This pump is used to move acetic acid to distillation column (D-301) for solvent recovery. The 
discharge pressure is 115psia. A centrifugal pump constructed with stainless steel and indicated 
horsepower of 28hp is employed for this process. The pump requires 28kW of electricity to run 
and it has purchase cost of $5,364. For detailed equipment specification, please refer to page 51.  
P-301: Centrifugal Reflux Pump 
Centrifugal pump P-301 is used to pump the liquid from the reflux accumulator to the top stage 
of column D-301. The pressure increase is set to 22 psi to correct for the pressure loss in the 
control valve and piping, as well as the loss that occurs as the liquid reflux is pumped to the top 
of the column, assuming the reflux drum is at a 45ft elevation.  The liquid flow through the pump 
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is 324 gallons per minute. The pump requires a motor with a brake horse power of 6 Hp and uses 
5.4 kW of electricity. The pump is made of Stainless Steel 304 as specified in the design 
statement. The estimated purchase cost of the pump and motor (CE=2010 541.8) is $4,186.79, 
and the total bare module cost is $29,482.82. For detailed equipment specification, please refer to 
page 72.  
P-303: Centrifugal Reflux Pump 
Centrifugal pump P-303 is used to pump the liquid from the reflux accumulator to the top stage 
of column D-301. The pressure increase is set to 27.6 psi to correct for the pressure loss in the 
control valve and piping, as well as the loss that occurs as the liquid reflux is pumped to the top 
of the column, assuming the reflux drum is at a 45ft elevation.  The liquid flow through the pump 
is 80.3 gallons per minute. The pump requires a motor with a brake horse power of 2.6Hp and 
uses 3.2 kW of electricity. The pump is made of Stainless Steel 304 as specified in the design 
statement. The estimated purchase cost of the pump and motor (CE=2010 541.8) is $3,409.33, 
and the total bare module cost is $24,075.44. For detailed equipment specification, please refer to 
page 74.  
6.4.7 Heat Exchangers 
H-101: Shell and Tube Heat Exchanger 
This heat exchanger is a fixed-head, shell and tube heat exchanger that has reactor product slurry 
on the shell side and cooling water on the tube side.  It is used to remove heat generated during 
the reaction in production of TPA. Six heat exchangers are needed for the entire process, one for 
each reactor. Each heat exchanger has a heat duty of 51421309Btu/hr. The product slurry enters 
at 392°F and is cooled to 100°F before sending back to the reactor. 48705lb/hr of cooling water 
at 90°F is used to remove the heat and is heated up to 120°F, which is the highest temperature for 
waste water disposal. In designing the heat exchanger, an overall heat transfer coefficient of 
80Btu/ft
2
*hr is used, as suggested by Professor Fabiano. The corresponding area of heat transfer 
is calculated to be 8136ft
2 
and tube length of 20ft.  The heat exchanger is constructed using 
stainless steel to minimize erosion caused by the solids in the stream. The purchase cost for each 
heat exchanger is estimated to be $58,592. Taking in consideration of possible erosion caused by 
the solids, six spare heat exchangers will be purchase in case the need for replacements. Also, a 
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shell and tube heat exchanger is used because it is economical and is often used in modeling 
typical chemical processes. For detailed equipment specification, please refer to page 63.  
H-102: Shell and Tube Heat Exchanger 
The purpose of this heat exchanger is to condense the vaporized acetic acid from the reactor and 
send it back for reuse. This heat exchanger is also a fixed-head, shell and tube heat exchanger 
with tube length of 20ft. Cooling water entering at 90°F runs on the tube side and vapor runs on 
the shell side. Six heat exchangers are needed for the entire TPA production process, one for 
each reactor. Each heat exchanger needs to remove 6579153Btu/hr. This is accomplished by 
running 6141lb/hr of cooling water entering at 90°F and leaving at 120°F. The process stream is 
cooled from 392°F to 105°F. The area of heat transfer is calculated to be 924ft
2
, with an overall 
heat transfer coefficient of 80Btu/ft
2
*hr (suggested by Professor Fabiano). A shell and tube heat 
exchanger is used because it is economical and is often used in modeling typical chemical 
processes. The heat exchanger is constructed using stainless steel and has an estimated purchase 
cost of $15,831.33. For detailed equipment specification, please refer to page 62.  
H-201: Shell and Tube Heat Exchanger 
This heat exchanger is a fixed-head, shell and tube heat exchanger that condenses acetic acid 
vapor from the dryer for recycling. The heat duty of this heat exchanger is 7199038Btu/ hr and it 
is removed by 6818lb/hr of cooling water entering at 90°F and leaving at 120°F. The process 
stream is cooled from 339°F to 105°F. For the stability of the heat exchanger, vapor which is at 
higher temperature runs on the shell side while cooling water runs on the tube side.  An overall 
heat transfer coefficient of 80Btu/ft
2
*hr is used for estimating the area of heat transfer, which is 
estimated to be 1184ft
2
. A shell and tube heat exchanger is used because it is economical and is 
often used in modeling typical chemical processes. This heat exchanger is constructed using 
stainless steel and has an estimated purchase cost $44,068. For detailed equipment specification, 
please refer to page 63.  
H-202: Shell and Tube Heat Exchanger 
This heat exchanger is also a fixed-head, shell and tube heat exchanger that heats air from 156 °F 
to 250°F before recycling it back to the dryer. The heat duty of 1289053Btu/hr and is 
accomplished through running 79293 lb/hr of 50psi steam at 312°F on the shell side of the heat 
exchanger. Since the process stream has a lower pressure, it runs on the tube side.  In order to 
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estimate the heat transfer area, an overall heat transfer coefficient of 80Btu/ft
2
*hr is used, as 
suggested by Professor Fabiano. The obtained heat transfer area is 164ft
2
. This heat exchanger is 
constructed using stainless steel and has estimated purchase cost of $10,291. A shell and tube 
heat exchanger is used because it is economical and is often used in modeling typical chemical 
processes. For detailed equipment specification, please refer to page 64.  
H-301: Condenser  
H-301 is a fixed head, shell-and –tube heat exchanger that condenses the vapor overhead of D-
301 from 324°F to 100°F on the tube side using 6,095,586 lb/hr of cooling water on the shell 
side. The heat duty of the exchanger is -182,867,585 BTU/hr. The overall heat transfer 
coefficient was assumed to be a conservative 60 Btu/hr-ft2-°F, as suggested by the consultants. 
The estimated area of heat transfer is 11,535 ft
2
. The shell side is constructed of carbon steel due 
to the noncorrosive behavior of the cold fluid. The tube side is made of Stainless Steep 304 as 
specified in the design statement. The estimated purchase cost (CE=2010 541.8) is $79,869.34, 
and the total bare module cost is $988,709.56. For detailed equipment specification, please refer 
to page 72.  
H-302: Thermosiphon ReboilerH-302 is a vertical thermosiphon reboiler that vaporizes the 
liquid boilup of D-301 on the tube side and uses 208,731 lb/hr of 450 psig steam on the shell side. 
The heat duty is 2879520.84 BTU/hr. The heat transfer area was found to be 14,028 ft
2 
 using a 
flux of 12,000 BTU/hr-ft
2
 in order to prevent film boilup.  A thermosiphon reboiler was 
recommended by Professor Fabiano and chosen because it is less likely to fowl during operations. 
Additionally, heavy components produced in the process are not likely to accumulate in a 
thermosiphon re oiler as compared to a kettle re oiler (Perry‟s 2007). The tu e side of the 
reboiler is constructed out of stainless steel and the shell side is constructed out of carbon steel. 
The estimated purchase cost of the pump and motor (CE=2010 541.8) is $96,018.49, and the 
total bare module cost is $1,204,373.74. For detailed equipment specification, please refer to 
page 72.  
H-303: Condenser 
 H-303 is a fixed head, shell-and–tube heat exchanger that condenses the vapor overhead of D-
302 on the tube side using 221,119 lb/hr of cooling water on the shell side. The heat duty of the 
exchanger is - 6633575.5 BTU/hr. The overall heat transfer coefficient was assumed to be a 
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conservative 60 Btu/hr-ft2-°F, as suggested by the consultants. The estimated area of heat 
transfer is 613  ft
2
. The shell side is constructed of carbon steel due to the noncorrosive behavior 
of the cold fluid. The tube side is made of Stainless Steep 304 as specified in the design 
statement. The estimated purchase cost (CE=2010 541.8) is $12,482.34, and the total bare 
module cost is $164,454.31. For detailed equipment specification, please refer to page 74.  
H-304: Thermosiphon Reboiler 
H-304 is a vertical thermosiphon reboiler that vaporizes the liquid boilup of D-302 on the tube 
side and uses 2840 lb/hr of 50 psig steam on the shell side. The heat duty is 2879520.84 BTU/hr. 
The heat transfer area was found to be 512.4 ft
2 
 using a flux of 12,000 BTU/hr-ft
2
 in order to 
prevent film boilup.  A thermosiphon reboiler was recommended by Professor Fabiano and 
chosen because it is less likely to fowl during operations. Additionally, heavy components 
produced in the process are not likely to accumulate in a thermosiphon reboiler as compared to a 
kettle re oiler (Perry‟s 2007). The tu e side of the re oiler is constructed out of stainless steel 
and the shell side is constructed out of carbon steel. The estimated purchase cost of the pump and 
motor (CE=2010 541.8) is $11,775.65, and the total bare module cost is $120,808.81. For 
detailed equipment specification, please refer to page 74.  
H-306: Fixed Head Shell and Tube Heat Exchanger 
H-306 is used to condense stream S-309 before it is recovered to Section 100. It is a fixed head 
shell and tube heat exchanger. The heat duty is 380158.938 BTU/hr and requires 18,308 lb/hr of 
cooling water. A conservative heat transfer coefficient of 60 BTU/lb-°F is used, as recommended 
by the consultants. The overall heat transfer area is 71 ft
2
. Cooling water flows on the shell side, 
made of carbon steel. The hot fluid is on the tube side made of stainless steel, flowing at a rate of 
2097 lb/hr.  The estimated purchase cost is (CE=2010 541.8) is $9,268.06, and the total bare 
module cost is $133,307.536. For detailed equipment specification, please refer to page 65.  
6.4.8 Centrifuge 
C-201 and C-202: Centrifuge 
The purpose of the centrifuge is to remove liquid from the crude TPA product. The feed stream 
into the centrifuge contains 68% acetic acid and water by weight. The centrifuge is able to 
remove most of the liquid and produce a product stream of only 4% liquid by weight. Two 
centrifuges running at 125hp are used for the entire process, as suggested Project Advisor, Bruce 
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Vrana. Each centrifuge requires 322kW of electricity to operate, which is purchased from local 
companies. The purchase cost for each centrifuge is estimated to be $650,160. For detailed 
equipment specification, please refer to page 55.  
6.4.9 Conveyors 
SC-201 and SC-202: Screw Conveyor 
Due to the high viscosity of the dried TPA, screw conveyors are used to transport the crude TPA 
from the centrifuges (C-201 and C-202) to conveyor belts. Two screw conveyors are needed, one 
for each centrifuge. The size of screw conveyor is calculated to be 20ft in length and 30in in 
width using the amount of material it handles per hour. The purchase cost for each screw 
conveyor is estimated to be $13,241. For detailed equipment specification, please refer to page 
68.  
CB-201 and CB -202: Conveyor Belt 
Conveyor belts are used to transports the crude TPA from the centrifuges (C-201 and C-202) to 
the dryer (DR-201). A total of two conveyor belts are needed,  one for each centrifuge. Base on 
the material it handles per hour, the conveyor belts are sized to be 20ft in length and 30in in 
width. The purchase cost for each conveyor belt is estimated to be $27,957. For detailed 
equipment specification, please refer to page 70.  
CB-203: Conveyor Belt 
This conveyor belt transports dried crude TPA from the dryer to storage tanks. The size of the 
conveyor belt is estimated to be 20ft in length and 45in in width, base on the amount of material 
is handles per hour. The purchase cost for the conveyor belt is estimated to be $20,968. For 
detailed equipment specification, please refer to page 70.  
6.4.10 Dryer 
DR-201: Wyssmont Turbo Dryer 
A Wyssmont Turbo Dryer is employed to dry wet TPA from 4% liquid by weight to 0.025% of 
liquid by weight, as suggested by Professor Fabiano. This is achieved through circulating 
57,496lb/hr of air in the dryer. The air is recirculated and reused. The Wyssmont Turbo Dryer is 
30ft in diameter, 50ft in height and is constructed using 315 stainless steel. The purchase cost for 
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the dryer is estimated to be $3,250,800. For detailed equipment specification, please refer to page 
67.  
6.4.11 Storage 
T-101: Inventory Storage 
This holding tank is used to store 4 days of inventory of p-xylene. The tank is designed to be 
43.2 ft in height and 86.3ft in diameter. The approximate volume is 944613gal. The purchase 
cost for the tank is estimated to be $688,848. For detailed equipment specification, please refer to 
page 76.  
T-102: Inventory Storage 
This holding tank is used to store full inventory‟s worth of acetic acid, as recommended  y 
Professor Fabiano. The tank is designed to be 15.4ft in height and 30.8 ft in diameter, with an 
approximate volume of 42704gal. The purchase cost for the tank is estimated to be $118,332. For 
detailed equipment specification, please refer to page 77.  
T-301: Product Storage 
This holding tank is used to store 8 hours of crude TPA for inspection and testing. Two holding 
tanks, each with 18ft in height and 37.5 ft in diameter are used in this process. Each tank has an 
approximate volume of 77293 gal. The purchase cost for each storage tank is estimated to be 
$89,345. For detailed equipment specification, please refer to page 76.  
T-302: Product Storage 
This holding tank is used to store 4 days worth of crude TPA. The tank is designed to have an 
approximate volume of 124000gal. The purchase cost of the tank is estimated to be $163,267. 
For detailed equipment specification, please refer to page 77. 
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6.5 Equipment Specification Sheets
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Date
By
inlet outlet
Quantity (lb/hr) 74100 74100
Composition
acetic acid 98 0 49615 1 49681
p-xylene 11789 0 0 0 2
oxgyen 0 10837 0 214 64
terephthalic acid (s) 0 0 0 0 17638
water 0 0 658 0 4678
p-toluic acid (s) 0 0 0 0 106
4-carboxybenzaldehyde (s) 0 0 0 0 367
carbon dioxide 0 63 0 80 28
ionic liquid 2 0 3 0 3
catalyst 2 0 3 0 3
heavy weight impurities (s) 0 0 0 0 97
heavy weight impurities (aq) 0 0 1038 0 1135
air 0 0 0 0 0
Temperature (F) 77 77 355 105 392
Pressure (psia) 261 261 276 241 261
Design Data
Estimated Conversion of Reaction 95.6%
Residence Time 2 hours
Diameter 16 ft
Height 31 ft
Volume 5994 ft3
Heat Generated 51421309 Btu/hrBtu/hr
Material Of Construction Stainless Steel
Purchase Cost for Reactor
Utilities:
heat removed through pump-around 51421309 But/hr
Reactor
Equipment 
Identification
Items: reactor 3/23/2011
Item No: R-101 NC
S-113
Comments and Drawings:
$626,308.70
No. required 6
Function: Reacting p-xylene with oxygen to make terephthalic acid
Operation: Continuous
S-101 & S102 S-103 S-114 S-110
Materials Handled:
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Date
By
inlet outlet
Quantity (lb/hr) 9570 9570
Composition S-109 S-111
acetic acid 28 28
p-xylene 0 0
oxgyen 6931 6931
terephthalic acid (s) 0 0
water 9 9
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 2602 2602
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 0 0
air 0 0
105 119
241 261
Design Data
Indicated Horsepower 69 HP
Material of Construction Stainless Steel
Type of Blower Centrifugal Turbo Blower
Blade Type Sheet Metal Blades
Purchase Cost of Blower
Utilities: 52 kW electricity
Comments and Drawings:
Temperature (F)
Pressure (psia)
$16,780.00
Materials Handled:
Blower-1
Equipment 
Identification
Items: blower-1 23/3/2011
Item No: B-101 NC
No. required 6
Function: Pump recycled gas that is cooled back to the reactor
Operation: Continuous
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Date
By
inlet outlet
Quantity (lb/hr) 74358 74359
Composition S-201 S-202
acetic acid 64208 64208
p-xylene 4 4
oxgyen 383 383
terephthalic acid (s) 0 0
water 9593 9593
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 170 170
ionic liquid 0 0
catalyst 0 1
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 1 1
air 0 0
288 328
35 50
Design Data
Indicated HorsepowerIndicated horsepower 415 HP
Material of Construction Stainless Steel
Type of Blower Centrifugal Turbo Blower
Blade Type Sheet Metal Blades
Purchase Cost of Blower $182,524
Utilities: 331 kW of electricity
Comments and Drawings:
Blower-2
Equipment 
Identification
Items: blower-2 23/3/11
Item No: B-201 NC
No. required 1
Function: Pump vapor from surge vessel to distillation tower
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
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Date
By
inlet outlet
Quantity (lb/hr) 35943 35943
Composition S-209 (1) S-209 (2)
acetic acid 6623 6623
p-xylene 0 0
oxgyen 0 0
terephthalic acid (s) 0 0
water 562 562
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 10 10
air 28748 28748
225 339
25 40
Design Data
Indicated HorsepowerIndicated horsepower 839 HP
Material of Construction Stainless Steel
Type of Blower Centrifugal Turbo Blower
Blade Type Sheet Metal Blades
Purchase Cost of Blower $255,424.00
Utilities: 625 kW of electricity
Comments and Drawings:
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Blower-3
Equipment 
Identification
Items: blower-3 23/3/11
Item No: B-202 NC
No. required 1
Function: Pump vapor from dryer to a heat exchanger
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Date
By
inlet outlet
Quantity (lb/hr) 56379 56379
Composition S-213(1) S-213(2)
acetic acid 1579 1579
p-xylene 0 0
oxgyen 0 0
terephthalic acid (s) 0 0
water 198 198
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 0 0
air 54602 54602
105 156
40 50
Design Data
Indicated HorsepowerIndicated horsepower 271 HP
Material of Construction Stainless Steel
Type of Blower Centrifugal Turbo Blower
Blade Type Sheet Metal Blades
Purchase Cost of Blower 125,192.00$  
Utilities: 202 kW of electricity
Comments and Drawings:
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Blower-4
Equipment 
Identification
Items: blower-4 23/3/11
Item No: B-203 NC
No. required 1
Function: Pump air back to dryer for recycle
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Date
By
inlet outlet
Quantity (lb/hr) 24585 24585
Composition
acetic acid 12215 12186 1 28
p-xylene 1 1 0 0
oxgyen 7176 30 214 6931
terephthalic acid (s) 0 0 0 0
water 2295 2286 0 9
p-toluic acid (s) 0 0 0 0
4-carboxybenzaldehyde (s) 0 0 0 0
carbon dioxide 2899 216 80 2602
ionic liquid 0 0 0 0
catalyst 0 0 0 0
heavy weight impurities (s) 0 0 0 0
heavy weight impurities (aq) 0 0 0 0
air 0 0 0 0
105 105 105 105
241 241 241 241
Design Data
Height 10 ft
Diameter 5 ft
Volume 158 ft3
Material of Construction Stainless Steel
Purchase Cost for Vessel
Comments and Drawings:
Flash Tank-1
Equipment 
Identification
Items: Flash Tank-1 23/3/11
Item No: V-101 NC
S-109
No. required 6
Function: Separate gas and liquid after condensing the reactor vapor
Operation: Continuous
Materials Handled:
$72,633.67
Temperature (F)
Pressure (psia)
S-110S-108 S-112
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Date
By
inlet outlet
Quantity (lb/hr) 442822 442822
Composition S-200 S-203 S-201
acetic acid 298086 233878 64208
p-xylene 15 6 4
oxgyen 384 0 383
terephthalic acid (s) 105827 105827 0
water 28070 18477 9593
p-toluic acid (s) 634 634 0
4-carboxybenzaldehyde (s) 2201 2201 0
carbon dioxide 171 1 170
ionic liquid 21 21 0
catalyst 21 21 0
heavy weight impurities (s) 583 583 0
heavy weight impurities (aq) 6809 6809 1
air 0 0 0
311 287 287
50 35 35
Design Data
Residence Time 1 hour
Diameter 13 ft
Height 25 ft
Volume 3100 ft
Material of Construction Stainless Steel
Puchase Cost of Surge Vessel $202,901.00
Operation: Continuous
Temperature (F)
Pressure (psia)
Comments and Drawings:
Materials Handled:
Surge Vessel
Equipment 
Identification
Items: surge vessel 23/31/11
Item No: V-201 NC
No. required 1
Function: Decrease pressure and separate out vapor and slurry
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Date
By
inlet outlet
Quantity (lb/hr) 71886 71886
Composition S-210 S-211 S-213(1)
acetic acid 13246 11584 83 1579
p-xylene 1 1 0 0
oxgyen 0 0 0 0
terephthalic acid (s) 0 0 0 0
water 1123 914 10 198
p-toluic acid (s) 0 0 0 0
4-carboxybenzaldehyde (s) 0 0 0 0
carbon dioxide 0 0 0 0
ionic liquid 0 0 0 0
catalyst 0 0 0 0
heavy weight impurities (s) 0 0 0 0
heavy weight impurities (aq) 20 20 0 0
air 57497 21 2874 54602
105 105 105 105
40 40 40 40
Design Data
Residence Time 1 hour
Diameter 5 ft
Height 10 ft
Volume 200  ft3
Material of Construction Stainless Steel
Puchase Cost of Surge Vessel
Materials Handled:
Temperature (F)
Pressure (psia)
Comments and Drawings:
S-212
$51,467.00
No. required 1
Function: Separate air and acetic acid
Operation: Continuous
Flash Tank-2
Equipment 
Identification
Items: Flash Tank-2 23/31/11
Item No: V-202 NC
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Date
By
inlet outlet
Quantity (lb/hr) 184232 185232
Composition S-203 S-204 S-205
acetic acid 116939 5847 111092
p-xylene 6 0 5
oxgyen 0 0 0
terephthalic acid (s) 52913 52913 0
water 9238 1462 8777
p-toluic acid (s) 317 317 0
4-carboxybenzaldehyde (s) 1100 1100 0
carbon dioxide 1 0 1
ionic liquid 10 1 10
catalyst 10 1 10
heavy weight impurities (s) 291 291 0
heavy weight impurities (aq) 3404 170 3234
air 0 0 0
288 288 288
35 35 35
Design Data
Amount of solids in feed 30%
Motor Speed 125 HP
Purchase Cost $650,160
Utilities: 322 kW electricity
Comments and Drawings:
Centrifuge
Equipment 
Identification
Items: centrifuge 23/3/11
Item No: C-201 NC
2
Function: To separate out solid crude TPA from solvent
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
No. required
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Date
By
inlet outlet
Quantity (lb/hr) 70733 70733
Composition S-101 (1) S-101 (2)
acetic acid 0 0
p-xylene 70733 70733
oxgyen 0 0
terephthalic acid (s) 0 0
water 0 0
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 0 0
air 0 0
77 77
15 261
Design Data
Indicated Horsepower 24 HP
Material of Construction Stainless Steel
Type of Centrifuge Centrifugal Pump
Purchase Cost of Pump $4,398.00
Utilities: 24 kW of electricity
Pump-1
Equipment 
Identification
Items: Pump 23/3/11
Item No: P-101 NC
Comments and Drawings:
No. required 1
Function: Pump p-xylene to 261psia before sending to the reactor
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
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Date
By
inlet outlet
Quantity (lb/hr) 593 593
Composition S-102 (1) S-102 (2)
acetic acid 590 590
p-xylene 0 0
oxgyen 0 0
terephthalic acid (s) 0 0
water 0 0
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 2 2
catalyst 2 2
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 0 0
air 0 0
77 77
15 261
Design Data
Indicated Horsepower 0.82 HP
Material of Construction Stainless Steel
Type of Centrifuge Centrifugal Pump
Purchase Cost of Pump $3,351.00
Utilities: 2.07 kW of electricity
Materials Handled:
Temperature (F)
Pressure (psia)
Comments and Drawings:
No. required 1
Function: Pump acetic acid and ionic liquid to 261psia 
Operation: Continuous
Pump-2
Equipment 
Identification
Items: Pump 23/3/11
Item No: P-102 NC
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Date
By
inlet outlet
Quantity (lb/hr) 156775 156775
Composition S-104 S-105
acetic acid 121199 121199
p-xylene 6 6
oxgyen 153 153
terephthalic acid (s) 22038 22038
water 12581 12581
p-toluic acid (s) 132 132
4-carboxybenzaldehyde (s) 458 458
carbon dioxide 69 69
ionic liquid 8 8
catalyst 8 8
heavy weight impurities (s) 121 121
heavy weight impurities (aq) 5983 5983
air 0 0
392 392
261 290
Design Data
Indicated Horsepower 6 HP
Material of Construction Stainless Steel
Type of Centrifuge Centrifugal Pump
Purchase Cost of Pump
Utilities: 5.5 kW of electricity
Comments and Drawings:
$6,822.67
No. required 6
Function: Pump slurry around the heat exchanger to remove heat generated
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Pump-3
Equipment 
Identification
Items: Pump 23/3/11
Item No: P-103 NC
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Date
By
inlet outlet
Quantity (lb/hr) 301677 301677
Composition S-311 S-114
acetic acid 297687 297687
p-xylene 2 2
oxgyen 0 0
terephthalic acid (s) 0 0
water 3950 3950
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 19 19
catalyst 19 19
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 6226 6226
air 0 0
351 354
20 276
Design Data
Indicated Horsepower 107 HP
Material of Construction Stainless Steel
Type of Centrifuge Centrifugal Pump
Purchase Cost of Pump
Utilities: 109 kW of electricity
Comments and Drawings:
No. required 1
Function: Pump recycled solvent from distillation towers to reactors
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
$7,008.00
Pump-4
Equipment 
Identification
Items: Pump 23/3/11
Item No: P-104 NC
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Date
By
inlet outlet
Quantity (lb/hr) 126144 126144
Composition S-206 S-207
acetic acid 116884 116884
p-xylene 5 5
oxgyen 0 0
terephthalic acid (s) 0 0
water 9234 9234
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 1 1
ionic liquid 10 10
catalyst 10 10
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 3244 3244
air 11 11
280 281
35 115
Design Data
Indicated Horsepower 28 HP
Material of Construction Stainless Steel
Type of Centrifuge Centrifugal Pump
Purchase Cost of Pump
Utilities: 28 kW of electricity
Comments and Drawings:
No. required 1
Function: Pump acetic acid to distillation columns to be purified
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
$5,364.00
Pump-5
Equipment 
Identification
Items: Pump 23/3/11
Item No: P-201 NC
  Cao, Chang, Kaufman 
61 
 
 
Date
By
inlet outlet
Quantity (lb/hr) 156775 156775
Composition S-105 S-106
acetic acid 121199 121199
p-xylene 6 6
oxgyen 153 153
terephthalic acid (s) 22038 22038
water 12581 12581
p-toluic acid (s) 132 132
4-carboxybenzaldehyde (s) 458 458
carbon dioxide 69 69
ionic liquid 8 8
catalyst 8 8
heavy weight impurities (s) 121 121
heavy weight impurities (aq) 5983 5983
air 0 0
392 100
290 285
Design Data
Heat duty 51421309 Btu/ hr
Area 8136 ft2
Heat Transfer Coefficient 80  Btu/ft2-hr
Material of Construction Stainless Steel
Purchase Cost
Utilities: 48704.91 lb/hr of cooling water (90F-120F)
Comments and Drawings:
$58,592.00
No. required 6
Function: Remove heat from the slurry to maintain the isothermal reactor
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Heat Exchanger-1
Equipment 
Identification
Items: heat exchanger 23/3/11
Item No: H-101 NC
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Date
By
inlet outlet
Quantity (lb/hr) 24585 24585
Composition S-107 S-108
acetic acid 12215 12215
p-xylene 1 1
oxgyen 7176 7176
terephthalic acid (s) 0 0
water 2295 2295
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 2899 2899
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 0 0
air 0 0
392 105
261 241
Design Data
Heat duty 6579153 Btu/ hr
Area 924 ft2
Heat Transfer Coefficient 80  Btu/ft2*hr
Material of Construction Stainless Steel
Purchase Cost $15,831.33
Utilities: 6141 lb/hr of cooling water (90F-120F)
Condenser
Equipment 
Identification
Items: Condenser 23/3/11
Item No: H-102 NC
Comments and Drawings:
No. required 6
Function: recondense vaporized solvent for recycling back to reactor
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
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Date
By
inlet outlet
Quantity (lb/hr)
Composition S-209(2) S-210
acetic acid 13246 13246
p-xylene 1 1
oxgyen 0 0
terephthalic acid (s) 0 0
water 1123 1123
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 20 20
air 57497 57497
339 105
40 40
Design Data
Heat duty 7199038 Btu/ hr
Area 1184 ft2
Heat Transfer Coefficient 80  Btu/ft2*hr
Material of Construction Stainless Steel
Purchase Cost
Utilities: 6818 lb/hr of cooling water (90F-120F)
$44,068.00
No. required 1
Function: To condense the vapor from the dryer
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Comments and Drawings:
Heat Exchanger-2
Equipment 
Identification
Items: Heat Exchanger-2 23/3/11
Item No: H-201 NC
  Cao, Chang, Kaufman 
64 
 
 
Date
By
inlet outlet
Quantity (lb/hr) 59279 59279
Composition S-213(2) S-208 S-214
acetic acid 1581 0 1581
p-xylene 0 0 0
oxgyen 0 0 0
terephthalic acid (s) 0 0 0
water 201 0 201
p-toluic acid (s) 0 0 0
4-carboxybenzaldehyde (s) 0 0 0
carbon dioxide 0 0 0
ionic liquid 0 0 0
catalyst 0 0 0
heavy weight impurities (s) 0 0 0
heavy weight impurities (aq) 0 0 0
air 54602 2895 57497
156 77 250
50 35 35
Design Data
Heat duty 1289053 Btu/ hr
Area 164 ft2
Heat Transfer Coefficient 80  Btu/ft2-hr
Material of Construction Stainless Steel
Purchase Cost
Utilities: 79292.5 lb/hr of steam ( 50 psi)
Materials Handled:
Temperature (F)
Pressure (psia)
Comments and Drawings:
$10,219.00
Heat Exchanger-3
Equipment 
Identification
Items: Heat Exchanger -3 23/3/11
Item No: H-202 NC
No. required 1
Function: To heat up air and recycle it back to the dryer
Operation: Continuous
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Date
By
inlet outlet
Quantity (lb/hr)
Composition S-309(1) S-309(2)
acetic acid 2088 2088
p-xylene 0 0
oxgyen 0 0
terephthalic acid (s) 0 0
water 9 9
p-toluic acid (s) 0 0
4-carboxybenzaldehyde (s) 0 0
carbon dioxide 0 0
ionic liquid 0 0
catalyst 0 0
heavy weight impurities (s) 0 0
heavy weight impurities (aq) 1 1
air 0 0
280 111
20 20
Design Data
Heat duty 464627 Btu/ hr
Area 165 ft2
Heat Transfer Coefficient 80  Btu/ft2-hr
Material of Construction Stainless Steel
Purchase Cost
Utilities: 18308 lb/hr of cooling water ( 90F-120F)
$10,219.00
No. required 1
Function: Remove heat from the recovered acetic acid and recycle it to reactor
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Comments and Drawings:
Heat Exchanger-4
Equipment 
Identification
Items: Heat Exchanger-4 4/4/2011
Item No: H-306 MK
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Date
By
inlet outlet
Quantity (lb/hr) 72669 72669
Composition S-113 S-200
acetic acid 49681 49681
p-xylene 2 2
oxgyen 64 64
terephthalic acid (s) 17638 17638
water 4678 4678
p-toluic acid (s) 106 106
4-carboxybenzaldehyde (s) 367 367
carbon dioxide 28 28
ionic liquid 3 3
catalyst 3 3
heavy weight impurities (s) 97 97
heavy weight impurities (aq) 1135 1135
air 0 0
392 312
261 50
Design Data
Pressure Drop 211 psia
Comments and Drawings:
Valve
Equipment 
Identification
Items: valve 23/3/11
Item No: - NC
Materials Handled:
Temperature (F)
Pressure (psia)
No. required 12
Function: To decrease the pressure of the reactor outlet
Operation:
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Date
By
inlet outlet
Quantity (lb/hr) 181485 181485
Composition S-214 S-208 S-204 S-215 S-209(1)
acetic acid 1581 0 11694 30 13246
p-xylene 0 0 1 0 1
oxgyen 0 0 0 0 0
terephthalic acid (s) 0 0 105827 105827 0
water 201 0 924 1 1123
p-toluic acid (s) 0 0 634 634 0
4-carboxybenzaldehyde (s) 0 0 2201 2201 0
carbon dioxide 0 0 0 0 0
ionic liquid 0 0 1 1 0
catalyst 0 0 1 1 0
heavy weight impurities (s) 0 0 583 583 0
heavy weight impurities (aq) 0 0 340 321 20
air 57497 2895 0 0 57497
250 77 288 225 225
35 35 35 25 25
Design Data
Diameter 30 ft
Height 50 ft
Material of Construction 315 Stainless Steel
Purchase Cost
Utilities: 303 kW of electricity 
Comments and Drawings:
No. required 1
Function: To dry wet terephthalic acid using preheated air
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
$3,250,800
Dryer
Equipment 
Identification
Items: Dryer 23/3/11
Item No: DR-201 NC
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Date
By
(both conveyers combined)
inlet outlet
Quantity (lb/hr) 122206 122206
Composition
acetic acid 11694 11694
p-xylene 1 1
oxgyen 0 0
terephthalic acid (s) 105827 105827
water 924 924
p-toluic acid (s) 634 634
4-carboxybenzaldehyde (s) 2201 2201
carbon dioxide 0 0
ionic liquid 1 1
catalyst 1 1
heavy weight impurities (s) 583 583
heavy weight impurities (aq) 340 340
air 0 0
288 288
35 35
Design Data
Length 20 ft
Width 30 in
Purchase Cost $13,241 per screw conveyor
$26,482.00 total 
Comments and Drawings:
Screw Conveyor
Equipment 
Identification
Items: Screw Conveyor 23/3/11
Item No: SC-201 & SC-202 NC
No. required 2
Function: To transport dried terephthalic acid from centrifuge to dryer
Operation: Continuous
Materials 
Temperature (F)
Pressure (psia)
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Date
By
(both conveyors combined)
inlet outlet
Quantity (lb/hr) 122206 122206
Composition
acetic acid 11694 11694
p-xylene 1 1
oxgyen 0 0
terephthalic acid (s) 105827 105827
water 924 924
p-toluic acid (s) 634 634
4-carboxybenzaldehyde (s) 2201 2201
carbon dioxide 0 0
ionic liquid 1 1
catalyst 1 1
heavy weight impurities (s) 583 583
heavy weight impurities (aq) 340 340
air 0 0
288 288
35 35
Design Data
Length 20 ft
Width 30 in 
Purchase Cost $13,979 per belt conveyor 
$27,957 total 
Comments and Drawings:
No. required 2
Function: To transport Terephthalic acid to dryer
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Belt Conveyor-1
Equipment 
Identification
Items: Belt conveyor 23/3/11
Item No: CB-201 & CB-202 NC
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Date
By
inlet outlet
Quantity (lb/hr) 109599 109599
Composition
acetic acid 30 30
p-xylene 0 0
oxgyen 0 0
terephthalic acid (s) 105827 105827
water 1 1
p-toluic acid (s) 634 634
4-carboxybenzaldehyde (s) 2201 2201
carbon dioxide 0 0
ionic liquid 1 1
catalyst 1 1
heavy weight impurities (s) 583 583
heavy weight impurities (aq) 321 321
air 0 0
225 225
25 25
Design Data
Length 20 ft
Width 45 in
Purchase Cost $20,968
Comments and Drawings:
No. required 1
Function: To transport dried Terephthalic Acid from dryer to tank cars
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Belt Conveyor-2
Equipment 
Identification
Items: Belt Conveyor 23/3/11
Item No: CB-203 NC
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Date 23/3/11
By MK
Separate heavy weigh molecular components from acetic acid. 
Continuous
inlet outlet
Quantity (lb/hr) 333155 333155
Composition S-207 S-202 S-301 S-302 S-303 S-304 (2)
acetic acid 233768 64208 0 48 228490 69438
p-xylene 11 4 7 6 1 1
oxgyen 1 383 379 4 0 0
terephthalic acid (s) 0 0 0 0 0 0
water 18467 9593 3 24107 3408 543
p-toluic acid (s) 0 0 0 0 0 0
4-carboxybenzaldehyde (s) 0 0 0 0 0 0
carbon dioxide 1 170 137 34 0 0
ionic liquid 20 0 0 0 4 16
catalyst 10 0 0 0 4 16
heavy weight impurities (s) 0 0 0 0 0 0
heavy weight impurities (aq) 6488 1 0 0 1235 5253
air 21 0 13 8 0 0
280 288 100 100 376 379
115 35 95 95 98 20
Design Data
25 Inside Diameter 18'6''
16 Height 50'
5.6 Tray Material Stainless Steel
95 Tray Type Sieve
200 Column Material Stainless Steel
18''
Utilities: 19.1 kW of electricity
6095586.167 lb/hr of cooling water (90-120 F)
208731.0459 lb/hr of 450 psi steam
Comments and Drawings:
Reflux Ratio
Tower Presure (psia)
Operating Temperature (F)
Tray Spacing
Materials Handled:
Temperature (F)
Pressure (psia)
Number of Stages
Feed Stage
Distillation Column
No. required 1
Function:
Operation:
Equipment Identification
Items: Drum
Item No: D-301
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Parameter Value Units
Tower
Equipment Type Vertical Vessel
Weight 200455 lb
Thickness 0.958 in
Bare Mod. Cost $7,056,222.75
Condenser
Equipment Type Fixed Head Heat Exchanger
Heat Duty 178242690 BTU/hr
Area 11535 ft2
Shell Material Carbon Steel
Tube Material Stainless Steel
Tube Length 20 ft
Bare Mod. Cost $988,710
Reboiler Equipment Type Thermosiphon Reboiler
Heat Duty 168340491 BTU/hr
Area 14028 ft2
Shell Material Carbon Steel
Tube Material Stainless Steel
Heat Flux 12000 BTU/(ft2-hr)
Bare Mod. Cost $1,204,373.00
Reflux Accumulator
Equipment Type Horizontal Vessel
Residence Time 5 min
Length 13 ft
Diameter 6.5 ft
Weight 7636 lb
Bare Mod. Cost $168,699
Reflux Pump
Equipment Type Centrifugal Pump
Power Required 6.2 Hp
Pump Head 53 ft
Power Consumed 7.3 Hp
Q 324 gpm
Bare Mod. Cost $25,342.00
Bare Mod. Cost Motor $4,141.06
Associated Components of D-301
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Date
By
Function: To separate acetic acid from the heavy weight molecular compounds.
inlet outlet
Quantity (lb/hr) 75267 75267
Composition S-304 S-305 S-306
acetic acid 69438 22858 46580
p-xylene 1 0 0
oxgyen 0 0 0
terephthalic acid (s) 0 0 0
water 543 349 194
p-toluic acid (s) 0 0 0
4-carboxybenzaldehyde (s) 0 0 0
carbon dioxide 0 0 0
ionic liquid 16 0 16
catalyst 16 0 16
heavy weight impurities (s) 0 0 0
heavy weight impurities (aq) 5253 0 5253
air 0 0 0
379 261 264
20 20 20
Design Data
Number of Stages 9 Tower Presure (psia) 20
Feed Stage 4 Tray Material Stainless Steel
Reflux Ratio 0.6 Tray Type Sieve
Inside Diameter 4'4'' Column Material Stainless Steel
Height 26' 262
Tray Spacing 18''
Utilities: 3.2 kW of electricity
234271.1633 lb of cooling water (90-120 F)
2840.443373 lb of 50 psi steam
Temperature (F)
Pressure (psia)
Operating Temperature (F)
Distillation Column
Equipment 
Identification
Items: Drum 23/3/11
Item No: D-302 MK
No. required 1
Operation: Continuous
Materials Handled:
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Parameter Value Units
Tower
Equipment Type Vertical Vessel
Weight 7350 lb
Thickness 0.48 in
Bare Mod. Cost $376,369.74
Condenser
Equipment Type Fixed Head Heat Exchanger
Heat Duty -6633575.5 BTU/hr
Area 613 ft2
Shell Material Carbon Steel
Tube Material Stainless Steel
Tube Length 20 ft
Bare Mod. Cost $164,454
Reboiler Equipment Type Thermosiphon Reboiler
Heat Duty 6148708.19 BTU/hr
Area 512.4 ft2
Shell Material Carbon Steel
Tube Material Stainless Steel
Heat Flux 12000 BTU/(ft2-hr)
Bare Mod. Cost $120,808.00
Reflux Accumulator
Equipment Type Horizontal Vessel
Residence Time 5 min
Length 8 ft
Diameter 4 ft
Weight 2172 lb
Bare Mod. Cost $94,672
Reflux Pump
Equipment Type Centrifugal Pump
Power Required 2.6 Hp
Pump Head 68 ft
Power Consumed 3.2 Hp
Bare Mod. Cost $21,271.56
Bare Mod. Cost Motor $2,803.88
Q 80.4
Associated Components of D-302
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Date
By
inlet outlet
Quantity (lb/hr) 2603 2603
S-307 S-309 S-310
Composition
acetic acid 2329 2088 241
p-xylene 0 0 0
oxgyen 0 0 0
terephthalic acid (s) 0 0 0
water 10 9 1
p-toluic acid (s) 0 0 0
4-carboxybenzaldehyde (s) 0 0 0
carbon dioxide 0 0 0
ionic liquid 1 0 1
catalyst 1 0 1
heavy weight impurities (s) 0 0 0
heavy weight impurities (aq) 263 1 262
air 0 0 0
264 112 280
20 20 20
Design Data
Purchase Cost $688,615
Utilities: 572.7377 lb/hr of 50 psi steam
Comments and Drawings:
No. required 1
Function: To remove the high molecular weight impurities
Operation: Continuous
Materials Handled:
Temperature (F)
Pressure (psia)
Falling Film Evaporator
Equipment 
Identification
Items: Falling Film Evaporator 1/4/2011
Item No: F-301 NC
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Date
By
Design Data
Volume 77,293.3 gal
Height 18.0 ft
Diameter 37.5 ft 
Pressure 3.0 psig 
Purchase Cost $89,345 per tank 
 total 
Utilities:
2 Cone Roof Tanks
Storage Tank
Equipment 
Identification
Items: TPA Shift Tanks 4/1/2011
Item No: T-301 EC 
Comments and Drawings:
No. required 2
Function: To hold 8 hours worth of product for inspection and testing 
Operation: Storage 
Date
By
Design Data
Volume 944,612.7 gal
Height 43.2 ft
Diameter 86.3 ft 
Pressure 3.0 psig 
Purchase Cost $688,848.00
Utilities:
1 Floating Roof Tank 
Field Fabricated Factor of 120% applied to Purchase Cost 
Storage Tank
Equipment 
Identification
Items: p-xylene Storage Tank 4/1/2011
Item No: T-101 EC 
Comments and Drawings:
No. required 1
Function: To store 4 days of inventory of p-xylene 
Operation: Storage 
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Date
By
Design Data
Volume 42,704.2 gal
Height 15.4 ft
Diameter 30.8 ft 
Pressure 3.0 psig 
Purchase Cost $118,332.00 per tank 
Utilities:
1 Floating Roof Tank 
Field Fabricated Factor of 120% applied to Purchase Cost 
Storage Tank
Equipment 
Identification
Items: Solvent Storage Tank 4/1/2011
Item No: T-102 EC 
Comments and Drawings:
No. required 1
Function: To store a full inventory's worth of acetic acid 
Operation: Storage 
Date
By
Design Data
Volume 124,000.0 ft3
Purchase Cost $163,267.00
Utilities:
1 Stainless Steel Bin 
Field Fabricated Factor of 120% applied to Purchase Cost 
Comments and Drawings:
No. required 1
Function: To store 4 days worth of Terephthalic Acid Product 
Operation: Storage 
Bin
Equipment 
Identification
Items: TPA Storage Bin 4/1/2011
Item No: T-302 EC 
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7.0 Operating Cost and Economic Analysis 
A thorough economic analysis is conducted using Profitability Analysis Version 3. Detailed input 
summary, cost summary, cash flows and profitability measures are presented in the next few 
pages.  
The TPA production plant is scheduled to start in 2011 with one year of construction.  The plant 
is projected to achieve 90% capacity within 2 years and operates 7560 hours per year. Plant life 
is expected to be 15 years.  
Fixed Capital Investment is summarized in the previous section, which is estimated to be 
$100,599,793.  
Fixed Cost of the plant is divided mainly into operations, maintenance, operating overhead, 
property taxes, depreciation and insurance and cost of royalty. Fixed cost is estimated to be 
$49,546,800 each year. Per the guidance of the framework provided in Table 23.3 in Product 
and Process Design Principles, 3
rd
 Edition by Seider et al. (Seider, Seader, Lewin, & Windagdo, 
2009), we have estimated that 14 operators are required per shift for our continuous-flow plant. 
The plant can be split into two fluids processing sections, one solids-fluids processing section, 
and one solids processing section. A moderate sized plant containing these sections would 
require 7 operators per shift. However, due to the large size of our plant, which produces close to 
1320 tons of crude TPA per day, we have doubled the number of operators needed to 14. Among 
the fixed cost, a royalty fee of $0.03/lb of crude TPA is paid for the owner of the SABIC patent.   
Variable Cost of the plant is calculated based on the amount of TPA produced.  Raw material 
costs $0.346/lb of TPA and utility costs $0.019/lb of TPA, which sums up to be $0.365/lb of 
TPA produced. This is around 61% of the selling price of crude TPA. General Expenses 
accounts for 16% of the total variable cost. Variable Cost table presented below assumes 90% of 
the design capacity of the TPA production plant. Total variable cost at 90% production capacity 
is estimated to be $312,557,737.17.  
Using the selling price of $0.60/lb of TPA provided in the problem statement suggested by Bruce 
Vrana, the economic analysis yields an ROI of 37.76%, an IRR of 34.07% and a NPV of 
$110,840,600, which are summarized in the following pages.   
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General Information
Process Title: Production of Terephthalic Acid
Product: Terephthalic Acid
Plant Site Location: US Gulf Coast
Site Factor: 1.00
Operating Hours per Year: 7560
Operating Days Per Year: 315
Operating Factor: 0.8630
Product Information
This Process will Yield
105,820 lb of Terephthalic Acid per hour
2,539,683 lb of Terephthalic Acid per day
800,000,000 lb of Terephthalic Acid per year
Price $0.60 /lb
Chronology
Production Depreciation Product Price
Year Action Capacity 5 year MACRS
2011 Design 0.0%
2012 Construction 0.0%
2013 Production 45.0% $0.60
2014 Production 67.5% $0.60
2015 Production 90.0% $0.60
2016 Production 90.0% $0.60
2017 Production 90.0% $0.60
2018 Production 90.0% $0.60
2019 Production 90.0% $0.60
2020 Production 90.0% $0.60
2021 Production 90.0% $0.60
2022 Production 90.0% $0.60
2023 Production 90.0% $0.60
2024 Production 90.0% $0.60
2025 Production 90.0% $0.60
2026 Production 90.0% $0.60
2027 Production 90.0% $0.60
Distribution of
Permanent Investment
100%
0%
0%
0%
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Total Permanent Investment
Cost of Site Preparations: 5.00% of Total Bare Module Costs
Cost of Service Facilities: 5.00% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities: $0
Cost of Contingencies and Contractor Fees: 18.00% of Direct Permanent Investment
Cost of Land: 2.00% of Total Depreciable Capital
Licensing Fee: $5,000,000
Cost of Plant Start-Up: 10.00% of Total Depreciable Capital
Fixed Costs
Operations
Operators per Shift: 14 (assuming 5 shifts)
Direct Wages and Benefits: $35 /operator hour
Direct Salaries and Benefits: 15% of Direct Wages and Benefits
Operating Supplies and Services: 6% of Direct Wages and Benefits
Technical Assistance to Manufacturing: $60,000.00 per year, for each Operator per Shift
Control Laboratory: $65,000.00 per year, for each Operator per Shift
Maintenance
Wages and Benefits: 4.50% of Total Depreciable Capital
Salaries and Benefits: 25% of Maintenance Wages and Benefits
Materials and Services: 100% of Maintenance Wages and Benefits
Maintenance Overhead: 5% of Maintenance Wages and Benefits
Operating Overhead
General Plant Overhead: 7.10% of Maintenance and Operations Wages and Benefits
Mechanical Department Services: 2.40% of Maintenance and Operations Wages and Benefits
Employee Relations Department: 5.90% of Maintenance and Operations Wages and Benefits
Business Services: 7.40% of Maintenance and Operations Wages and Benefits
Property Taxes and Insurance
Property Taxes and Insurance: 2% of Total Depreciable Capital
Straight Line Depreciation
Direct Plant: 8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs 
for Utility Plants and Related Facilities
Allocated Plant: 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities
Other Annual Expenses
Rental Fees (Office and Laboratory Space): $0
Licensing Fees: $0
Cost of Royalties: $24,000,000
Depletion Allowance
Annual Depletion Allowance: $0
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7.1 Fixed Capital Investment Summary 
  
Bare Module Costs (CE 2010 = 241.8)
Fabricated Equipment 32,858,143$   
Process Machinery 13,197,586$   
Spares 2,628,767$     
Storage 1,149,136$     
Other Equipment -$                
Catalysts -$                
Computers, Software, Etc. -$                
Total Bare Module Costs: 49,833,632$   
Direct Permanent Investment
Cost of Site Preparations: 2,626,298$     
Cost of Service Facilities: 2,626,298$     
Allocated Costs for utility plants and related facilities: -$                
Direct Permanent Investment 55,086,229$   
Total Depreciable Capital
Cost of Contingencies & Contractor Fees 10,400,142$   
Total Depreciable Capital 65,486,371$   
Total Permanent Investment
Cost of Land: 1,363,574$     
Licensing Fee: 5,000,000$     
Cost of Plant Start-Up: 6,817,871$     
Total Permanent Investment - Unadjusted 78,667,816$   
Site Factor 1.00
Total Permanent Investment 78,667,816$   
Working Capital
2012 2013 2014
Accounts Receivable 17,753,425$   8,876,712$     8,876,712$   
Cash Reserves 1,515,434$     757,717$        757,717$      
Accounts Payable (10,794,318)$  (5,397,159)$    (5,397,159)$  
Terephthalic Acid Inventory 2,367,123$     1,183,562$     1,183,562$   
Raw Materials Inventory 1,363,169$     681,584$        681,584$      
Total 12,204,833$   6,102,417$     6,102,417$   
Present Value at 15% 10,612,898$   4,614,304$    4,012,438$  
Total Capital Investment 97,907,456$   
Fixed Capital Investment Summary
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7.2 Fixed Cost Summary 
 
Operations
Direct Wages and Benefits 5,096,000$     
Direct Salaries and Benefits 764,400$        
Operating Supplies and Services 305,760$        
Technical Assistance to Manufacturing 4,200,000$     
Control Laboratory 4,550,000$     
Total Operations 14,916,160$   
Maintenance
Wages and Benefits 3,068,042$     
Salaries and Benefits 767,010$        
Materials and Services 3,068,042$     
Maintenance Overhead 153,402$        
Total Maintenance 7,056,496$     
Operating Overhead
General Plant Overhead: 688,377$        
Mechanical Department Services: 232,691$        
Employee Relations Department: 572,032$        
Business Services: 717,463$        
Total Operating Overhead 2,210,563$     
Property Taxes and Insurance
Property Taxes and Insurance: 1,363,574$     
Other Annual Expenses
Rental Fees (Office and Laboratory Space): -$                
Licensing Fees: -$                
Cost of Royalties: 24,000,000$   
Total Other Annual Expenses 24,000,000$   
Total Fixed Costs 49,546,794$   
Fixed Cost Summary
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7.3 Variable Cost Summary 
 
 
 
 
 
  
 
Variable Costs at 90% Capacity:
General Expenses
Selling / Transfer Expenses: 12,960,000$    
Direct Research: 20,736,000$    
Allocated Research: 2,160,000$      
Administrative Expense: 8,640,000$      
Management Incentive Compensation: 5,400,000$      
Total General Expenses 49,896,000$    
Raw Materials $0.346 per lb of Terephthalic Acid $248,778,281
Byproducts $0.000 per lb of Terephthalic Acid $0
Utilities $0.019 per lb of Terephthalic Acid $13,883,456
Total Variable Costs 312,557,737$  
Variable Cost Summary
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7.4 Cash Flow Summary  
 
Year Sales Capital Costs Working Capital Var Costs Fixed Costs Depreciation Taxible Income Taxes Net Earnings Cash Flow
2011 0% -                  -                  -                        -                   -                 -                 -                  -                 -                 -                 -                                   
2012 0% -                  (81,360,200)    (12,204,800)          -                   -                 -                 -                  -                 -                 (93,565,000)   (81,360,900)                     
2013 45% $0.60 216,000,000   -                  (6,102,400)            (156,278,900)   (49,546,800)   (13,635,700)   (3,461,404)      1,280,719      (2,180,684)     5,352,600      (77,313,500)                     
2014 68% $0.60 324,000,000   -                  (6,102,400)            (234,418,300)   (49,546,800)   (21,817,200)   18,217,717     (6,740,555)     11,477,162    27,191,900    (59,434,400)                     
2015 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   (13,090,300)   56,805,157     (21,017,908)   35,787,249    48,877,600    (31,488,500)                     
2016 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   (7,854,200)     62,041,282     (22,955,274)   39,086,008    46,940,200    (8,150,900)                       
2017 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   (7,854,200)     62,041,282     (22,955,274)   39,086,008    46,940,200    12,142,700                       
2018 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   (3,927,100)     65,968,376     (24,408,299)   41,560,077    45,487,200    29,243,000                       
2019 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    43,637,800                       
2020 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    56,155,100                       
2021 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    67,039,600                       
2022 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    76,504,500                       
2023 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    84,734,800                       
2024 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    91,891,600                       
2025 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    98,114,800                       
2026 90% $0.60 432,000,000   -                  -                        (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    44,034,100    103,526,400                     
2027 90% $0.60 432,000,000   -                  24,409,700            (312,557,700)   (49,546,800)   -                 69,895,469     (25,861,324)   44,034,146    68,443,800    110,840,600                     
Cash Flow Summary
Percentage of 
Design 
Product 
Unit Price
Cumulative Net Present 
Value at 15%
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7.5 Two Variable IRR Analyses 
 
Two Variable IRR Analyses were conducted for the factors variable costs, fixed costs, and total permanent investment against product 
price and presented below. The cells that is highlighted in blue indicates the current operating conditions, with an IRR of 34.07%. The 
two variable IRR charts indicate how the profitability of the project changes as a function of product price and either variable costs, 
fixed costs, and total permanent investment. A more in-depth analysis of how individual variables affect profitability are presented in 
Section 8.0.  
 
 
$173,643,187 $208,371,825 $243,100,462 $277,829,100 $312,557,737 $347,286,375 $382,015,012 $416,743,650 $451,472,287 $486,200,924 $520,929,562
$0.30 1.43% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.36 29.58% 11.18% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.42 49.06% 34.64% 18.28% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.48 66.08% 53.01% 39.26% 24.18% 5.04% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.54 81.64% 69.36% 56.72% 43.54% 29.37% 12.85% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.60 96.15% 84.43% 72.48% 60.22% 47.52% 34.07% 19.06% Negative IRR Negative IRR Negative IRR Negative IRR
$0.66 109.80% 98.52% 87.08% 75.44% 63.54% 51.26% 38.39% 24.42% 7.52% Negative IRR Negative IRR
$0.72 122.74% 111.83% 100.79% 89.62% 78.27% 66.69% 54.79% 42.41% 29.20% 14.16% Negative IRR
$0.78 135.06% 124.46% 113.77% 102.97% 92.05% 80.97% 69.69% 58.13% 46.17% 33.58% 19.71%
$0.84 146.83% 136.50% 126.10% 115.63% 105.06% 94.38% 83.55% 72.54% 61.30% 49.72% 37.63%
$0.90 158.10% 148.01% 137.88% 127.69% 117.42% 107.07% 96.61% 86.02% 75.28% 64.32% 53.08%
Variable Costs
P
ro
d
u
ct
 P
ri
ce
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$24,773,397 $29,728,076 $34,682,756 $39,637,435 $44,592,114 $49,546,794 $54,501,473 $59,456,152 $64,410,832 $69,365,511 $74,320,190
$0.30 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.36 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.42 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.48 0.73% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.54 28.49% 25.46% 22.41% 19.30% 16.12% 12.85% 9.42% 5.78% 1.81% Negative IRR Negative IRR
$0.60 47.67% 44.93% 42.20% 39.48% 36.77% 34.07% 31.38% 28.68% 25.98% 23.27% 20.54%
$0.66 64.32% 61.67% 59.04% 56.43% 53.83% 51.26% 48.70% 46.17% 43.65% 41.14% 38.66%
$0.72 79.48% 76.89% 74.31% 71.75% 69.21% 66.69% 64.19% 61.70% 59.24% 56.80% 54.37%
$0.78 93.58% 91.02% 88.48% 85.96% 83.46% 80.97% 78.50% 76.05% 73.61% 71.20% 68.80%
$0.84 106.83% 104.31% 101.80% 99.31% 96.84% 94.38% 91.93% 89.50% 87.09% 84.70% 82.32%
$0.90 119.38% 116.89% 114.41% 111.95% 109.50% 107.07% 104.65% 102.24% 99.85% 97.47% 95.11%
Fixed Costs
P
ro
d
u
ct
 P
ri
ce
$40,680,077 $48,816,092 $56,952,107 $65,088,123 $73,224,138 $81,360,153 $89,496,169 $97,632,184 $105,768,199 $113,904,215 $122,040,230
$0.30 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.36 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.42 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.48 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.54 34.37% 28.64% 23.75% 19.58% 15.98% 12.85% 10.10% 7.65% 5.46% 3.48% 1.68%
$0.60 74.10% 62.67% 53.34% 45.70% 39.37% 34.07% 29.58% 25.73% 22.39% 19.47% 16.88%
$0.66 108.80% 92.08% 78.59% 67.64% 58.68% 51.26% 45.05% 39.78% 35.28% 31.39% 27.98%
$0.72 140.00% 118.67% 101.44% 87.48% 76.09% 66.69% 58.85% 52.24% 46.62% 41.78% 37.58%
$0.78 168.32% 143.02% 122.49% 105.82% 92.20% 80.97% 71.61% 63.74% 57.05% 51.31% 46.34%
$0.84 194.18% 165.51% 142.07% 122.96% 107.30% 94.38% 83.60% 74.54% 66.84% 60.24% 54.53%
$0.90 217.91% 186.37% 160.38% 139.08% 121.56% 107.07% 94.97% 84.78% 76.13% 68.71% 62.31%
P
ro
d
u
ct
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ri
ce
Total Permanent Investment
  Cao, Chang, Kaufman 
87 
 
7.6 Economic Comparison to the Amoco Process 
In order to see how this new process with ionic liquid compares to the currently used Amoco 
process, an economic analysis of the Amoco process was generated. To do this, many 
assumptions were made. First, it is assumed that the process flow diagram is the same for both 
processes. This is a reasonable assumption because both processes utilize the same liquid phase 
oxidation reaction with similar proportions of reactants; the most significant difference is the 
type of chemical promoter which does not impact the flow sheet. Second, tetrabromoethane was 
assumed to be the promoter for the Amoco process. Tetrabromoethane has a boiling point of 
243.5°C (Tippin 1967). Since the boiling point temperature is much higher than the operating 
temperature of any existing equipment, it is assumed that tetrabromoethane behaves like the 
ionic liquid and is only lost in the purge, located in Section 300. Third, due to the corrosive 
nature of tetrabromoethane, equipment with high pressures and temperatures are lined with 
titanium. For a conservative estimate, only the reactors, centrifuges, distillation columns, and 
falling film evaporator were lined with titanium. Additionally, the amount of tetrabromoethane 
needed is around 0.2% of the total process input according to the Amoco Process patent, a value 
which is about eight times the amount of ionic liquid used. The price of tetrabromoethane is 
assumed to be the same of ionic liquid, $25 per pound. With these conservative estimates, the 
IRR for the Amoco process is 23.50%, compared to an IRR of 34.07% for the new process with 
ionic liquid. The difference in the IRRs comes from the total capital investment, which is $40 
million higher in the Amoco process. The use of titanium lined equipment in the Amoco process 
is the reason for a higher capital investment, as titanium is more expensive than stainless steel. 
From this, it can be concluded that this new process is more profitable than the Amoco process.   
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Percent 
Acetic Acid 
Recovered
Acetic Acid 
Feed to Tower 
(lb/hr)
Acetic Acid to 
Treatment 
(lb/hr)
Acetic Acid 
Recovered 
(lb/hr)
Cost of 
Wastewater 
Treatment Cost  of Tower Cost of Utilities
Cost of 
Replacing Acetic 
Acid Total Costs
49.94% 297327.531 148663.765 148483.475 $24,232.19 $22,766,519.62 $33,585,371.36 $259,507,206.00 $315,883,329.17
69.75% 297985.4115 89198.7201 207846.152 $14,539.39 $2,295,890.61 $5,893,753.14 $156,110,785.49 $164,314,968.63
90.00% 299037.9667 29903.7967 269134.17 $4,874.32 $2,785,532.29 $7,975,252.38 $52,971,359.62 $63,737,018.60
99.88% 297985.4115 48 297637.8328 $7.82 $7,056,000.00 $12,000,000.00 $1,028,674.08 $20,084,681.90
 
 
7.7 Economic Analysis of Acetic Acid Recovery 
When designing the process, it was important to consider the costs surrounding the recovery of 
acetic acid in D-301. This area of the plant is most expensive because 450psig steam is needed in 
the reboiler, so it is important to consider other possibilities of operation.  Important factors in 
the analysis include the cost of the tower, cost of waste water treatment, cost of utilities, and cost 
of replacing acetic acid that has been sent to wastewater treatment. 
In the process, virtually 100% of the acetic acid is recovered around the tower, as only 48 lb/hr 
of acetic acid leave in the distillate and go directly to waste water treatment. In order to 
determine if this is the most profitable method, trials were run where acetic acid recovery in the 
tower was varied at 50%, 70%, and 90%. The acetic acid that was not recovered went to 
wastewater treatment. The results are listed in Table 1. 
Profitability Measures
The Internal Rate of Return (IRR) for this project is 23.50%
The Net Present Value (NPV) of this project in 2011 is 61,977,500$     61,977,508$     
ROI Analysis (Third Production Year)
Annual Sales 432,000,000     
Annual Costs (369,179,336)   
Depreciation (9,704,789)       
Income Tax (19,652,874)     
Net Earnings 33,463,001       
Total Capital Investment 145,921,652     
ROI 22.93%
Table 1 Associated costs for varying percent recovery of acetic acid around D-301. 
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In Figure 2, it is easy to see that as acetic acid recovery increases the associated costs decrease. 
From this it can be concluded that it is 
most economical to recover more acetic 
acid.  
However, as percent recovery increases, 
the associated costs become similar. In 
order to determine if the 100% recovery 
scheme is the most profitable option over 
multiple years, the associated costs for 
subsequent years is generated in Figure 3. 
This graph shows that while the costs are 
somewhat similar for the first year, 
beyond that, the cost for the 90% 
recovery scheme is around four to five 
times the cost of the 100% scheme. 
Despite the initially cheaper tower in the 
90% scheme, the yearly operating costs 
are far greater than the yearly operating 
costs for the 100% scheme. Thus, the 
most economical recovery scheme was 
employed in our process. 
 
 
 
 
 
 
Figure 2 A graph of costs associated with D-301 plotted against 
the percentage of acetic acid recovered in D-301.  Associated 
costs of D-301 include cost of the tower, cost of waste water 
treatment, cost of utilities, and cost of replacing acetic acid that 
has been sent to wastewater treatment. 
Figure 3  Comparison of costs for the 90% scheme to the 
100% scheme over eight years. The yearly operating costs of 
the 90% scheme are much higher than that of the 100% 
scheme. Associated costs of D-301 include cost of the tower, 
cost of waste water treatment, cost of utilities, and cost of 
replacing acetic acid that has been sent to wastewater 
treatment. 
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8.0 Sensitivity Analysis 
While the economic analysis presented is a valuable point estimate for the potential profitability 
of the project, there are many factors that can impact the results. Such factors may include 
uncertainties in price for raw materials or utilities and demand for crude TPA, which would 
affect the selling price and potentially the production rate of the facility. Presented here is a 
sensitivity analysis that explores the impact of several variables that can substantially affect the 
plant‟s profita ility and the feasibility of the process. In this analysis, IRR will be the main 
measure of profitability utilized to determine how sensitive the economics of the project are to 
each variable.  
The variables that will be analyzed here are:  
1) Fixed Costs, Variable Costs, and Total Permanent Investment  
2) Product Selling Price and Production Level  
3) Royalty Fees paid to SABIC  
4) Cost of Raw Materials  
5) Cost of Utilities   
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8.1 Sensitivity to Fixed Costs, Variable Costs, and Total Permanent Investment  
In each of the charts tables below, the highlighted cell indicates the IRR for the base-case economic conditions that were used in the economic 
analysis of Section 7.0. The graphs graphically depict how the IRR of the project changes due to incremental changes in the price or cost 
(generally 20%-50% in both directions) of different factors. 
8.1.1 Fixed Costs  
 
 
Figure 4: There is a linear relationship between IRR and fixed costs. As the fixed costs of the project are increased 50% to $74,320,190, the IRR falls to 20.54% 
Fixed costs include expenses such as labor costs, operating overhead, taxes and insurance, and other annual costs such as cost of 
royalty fees for using SABIC‟s patented catalyst system. As seen from the graph a ove, there is a linear relationship between changes 
in fixed costs and IRR. As seen from the table and graph above, while the profitability of the project is sensitive to changes in fixed 
cost, large increases in fixed cost would not be a show-stopper as the IRR is still over 20% when fixed costs are increased by 150% to 
$74,320,190. As will be seen below, uncertainty in other factors impact the economic validity of the project much more.   
Fixed Costs $24,773,397 $29,728,076 $34,682,756 $39,637,435 $44,592,114 $49,546,794 $54,501,473 $59,456,152 $64,410,832 $69,365,511 $74,320,190
IRR 47.67% 44.93% 42.20% 39.48% 36.77% 34.07% 31.38% 28.68% 25.98% 23.27% 20.54%
Fixed Costs
0%
20%
40%
60%
80%
100%
120%
-50% -30% -10% 10% 30% 50%
IR
R
Change in Fixed Costs 
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8.1.2 Variable Costs  
 
 
Figure 5: The IRR is very dependent on variable costs, with an IRR near 100% when variable costs are decreased by 50% and a negative IRR when variable costs 
increase more than 10% of what they are currently assumed to be. 
As seen from the analysis above, the economics of the project are very sensitive to changes in variable costs. A reduction of 50% in 
variable costs leads to a near-300% increase in the IRR. Conversely, a 20% increase in variable costs will lead to a negative IRR. 
Variable costs include the price of raw materials and utilities, which are also two prices that are quite susceptible to prices changes. A 
further analysis into the effects of prices changes in specific variable costs are isolated and analyzed later in this report.  
 
Variable Costs $173,643,187 $208,371,825 $243,100,462 $277,829,100 $312,557,737 $347,286,375 $382,015,012 $416,743,650 $451,472,287 $486,200,924 $520,929,562
IRR 96.15% 84.43% 72.48% 60.22% 47.52% 34.07% 19.06% Negative IRR Negative IRR Negative IRR Negative IRR
Variable Costs
0%
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40%
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80%
100%
120%
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Change in Variable Costs 
  Cao, Chang, Kaufman 
93 
 
8.1.3 Total Permanent Investment  
 
 
Figure 6: There is a nonlinear relationship between IRR and TPI. When TPI is decreased by 50%,  
the IRR rises to ~75% whereas when TPI is increased by 50%, the IRR falls below 20%. 
 
Like fixed costs, while changes in total permanent investment (TPI) do significantly impact the IRR of the project, it is most likely not 
considered a show-stopper. The relationship between IRR and change in total permanent investment is not linear; instead, the positive 
effect on IRR from decreases in TPI outweighs the negative effects on IRR from increases in TPI. In other words, the profitability of 
the project is more sensitive to decreases in TPI than increases.  
It is important to note that currently TPI is very large, at over $80 million. As an extremely large initial investment must be made to 
construct the plant, it is recommended that further – more in depth- economic analysis be conducted before deciding to move forward 
with the project.  
Total Permanent Investment $40,680,077 $48,816,092 $56,952,107 $65,088,123 $73,224,138 $81,360,153 $89,496,169 $97,632,184 $105,768,199 $113,904,215 $122,040,230
IRR 74.10% 62.67% 53.34% 45.70% 39.37% 34.07% 29.58% 25.73% 22.39% 19.47% 16.88%
Total Permanent Investment
0%
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IR
R
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8.2 Sensitivity to TPA Price and Production Level  
8.2.1 TPA Selling Price  
 
 
Figure 7: The IRR is very dependent on the price of crude TPA. At the assumed selling price of $0.6/lb, we achieve an IRR of 34.07%.  
However, if the selling price drops more than 10%, the IRR will become negative. 
 
While the current forecasts indicate that crude TPA can be sold of $0.60 per pound, changes in TPA price significantly affect the 
profitability of the process. At the current price, the project is very attractive with an IRR of 34.07%. As expected, as the price of TPA 
increase (with all else held constant), the IRR of the project steeply increases. For a 150% increase in crude TPA price, the IRR is 
increased three-fold to 107.07%. Conversely, if the price of crude TPA decreases by more than 10% to $0.48/lb, the project will 
become unprofitable with a negative IRR.  
Product Price $0.30 $0.36 $0.42 $0.48 $0.54 $0.60 $0.66 $0.72 $0.78 $0.84 $0.90
IRR Negative IRR Negative IRR Negative IRR Negative IRR 12.85% 34.07% 51.26% 66.69% 80.97% 94.38% 107.07%
Product Price
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IR
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8.2.2 TPA Production Level  
In the case that the demand for crude TPA decreases, either due to an increase in production of purified TPA or a decrease in demand 
for TPA to make PET, it is possible that we would need to decrease the production level of the process. This is a suboptimal option for 
the plant as we would have excess capacity unused. However, if there is not enough demand for 800 million pounds of crude TPA a 
year, there would be increased holding costs due to left over inventory. With a decrease in TPA reduction, we would be able to 
minimize holding costs and variable costs.  
 
Figure 8: While decreasing the production level does affect the profitability of the project, there is not a strong impact 
 as we can still achieve a positive IRR when the plant is running at half capacity. 
As seen from the graph above, the profitability of the plant is indeed dependent on production level. There is a strong linear 
correlation between IRR and TPA production level. However, the fact that the plant can still have a positive IRR of 10% when the 
plant is operating at half capacity is encouraging for the economic attractiveness of the project. The production level of TPA would 
need to be reduced 65% to reach a negative IRR; it is quite unlikely that TPA production would need to be this drastically reduced. It 
is important to note that the profitability of this project is in large part due to the high level of crude TPA that is produced and sold 
each year. 
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8.3 Sensitivity to Royalty Fees  
Because the project utilizes patented technologies, it is prudent to assume that we will need to pay a portion of our margins to SABIC 
for use of their patent in the form of royalty fees. Since we do not know what the size of the royalty fees would be, a sensitivity 
analysis has been conducted to determine the impact that royalty fees have on the project and the upper bounds for royalty fees that we 
could afford and remain profitable. Per the guidance of Professor Fabiano, we have currently assumed $.03/lb of TPA for royalty fees.  
 
Figure 9: The profitability of the project is linearly dependent on the royalty fee charged by SABIC to use their patented technology. 
There is a large range of potential costs of royalties, from $0 a year (which is very unlikely) to billions of dollars a year (also unlikely). 
It was determined that the project will be feasible as long as royalty fees do not surpass $0.11/lb TPA. As seen from the graph above, 
profitability is highly impacted by royalty fees, with the IRR at over 45% if no royalty fees are charged and close to 0% at $0.10/lb. 
Currently the assumed royalty fees account for almost half of the variable costs of the plant, indicating that is a very significant and 
uncertain cost that must be negotiated before moving forward with the project. 
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8.4 Sensitivity to Raw Material Prices  
Changes in raw material prices are another factor that must be carefully evaluated when determining the profitability of the project. 
The process utilizes a number of different raw materials, but only a select few of them are likely to significantly affect the economics 
of the process. For example, while a large amount of acetic acid and carbon dioxide are used in the process, the majority of those 
components are recycled and thus do not require a large fresh feed. Conversely, p-xylene and oxygen (which are the only reactants) 
are consumed and, thus, may impact feasibility. The ionic liquid, which is by far the most expensive material cost at $25/lb must also 
be considered.  
 
Figure 10: The effect of changes in prices for PX, oxygen, and ionic liquid on the IRR of the project.  
The price of PX dramatically alters the profitability of the project whereas the price of oxygen and ionic liquid only marginally affects the IRR. 
 
As seen from the results, project profitability is must more dependent on p-xylene prices than on oxygen prices even though the 
amounts of fresh oxygen and fresh p-xylene fed the reactor are about the same. The discrepancy is most likely due to the fact that p-
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xylene costs almost seven times as much as oxygen per pound and contributes to a larger portion of the cost. The effect of oxygen 
prices on the IRR is negligible.  
 
Surprisingly, the effect of ionic liquid prices on the profitability of the project is also negligible. This is due to the fact that the process 
does not call for very much ionic liquid to begin with and the majority of the ionic liquid is recovered and reused. This makes the 
project appreciably more attractive than the Amoco Process because the increased cost of ionic liquid is significantly outweighed by 
the savings from lowered capital costs (Refer to section 7.6 Economic Comparison to the Amoco Process a more in-depth discussion). 
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8.5 Sensitivity to Utilities  
Another possible cost that may change in the future and affect economic feasibility is the cost of utilities. Utilities account for over 
$15milion a year, and thus, is a substantial cost that is worth analyzing for sensitivity. Since high pressure steam (450psig steam) is by 
far the largest utility cost, accounting for $11million of the yearly utilities cost, we have isolated our sensitivity analysis to changing 
prices of high pressure steam.  
 
Figure 11: The IRR of the project is not very dependent on the cost of utilities 
The sensitivity analysis shows that while high pressure steam is a significant cost, the profitability of the project is not very dependent 
on steam prices. Moreover, because the plant is located in the Gulf Coast – an area that is home to many other chemical plants – it is 
unlikely that the price of steam will drastically change in the years to come.  
Since prices in high pressure steam barely affected the economic results of the project, other utilities such as cooling water, electricity, 
and waste water treatment are not discussed in this report. 
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9.0 Other Considerations 
 
9.1 Process Startup 
There are a few factors to consider during process startup. The reactors should be brought online 
one at time. Since during steady state 80% of the acetic acid feed comes from the recycle loop in 
the process, the initial amount of acetic acid will be significantly different and accommodations 
will be needed, such as a large tank. Additionally, the liquid contents should be sent to the 
reactor before the oxygen sparging begins to ensure the process stays out of the flammable 
region.  When considering the downstream sections, it should be noted that the towers should 
operate on total reflux until the levels in the reflux accumulator reach design capacity.  
9.2 Ionic Liquid 
The amount of ionic liquid used was based on the recommendations of the SABIC patent. 
However, the patent describes a bench scale process with a 1 L reactor. It is possible that more 
ionic liquid would be needed at this large scale, although it is unknown as a pilot plant has not 
been established.  
9.3 Environment and Safety 
Certain chemicals used in this process are hazardous. Cobalt acetate is carcinogenic, so 
employee contact should be monitored closely and precautions, such as personal protective 
equipment, should be employed. The distillation columns should be monitored as well to ensure 
that cobalt acetate is not being released into the atmosphere as a vapor. Regular maintenance and 
leak checks should be conducted on all equipment. Additionally, most of the chemicals used in 
the process are respiratory irritants, so the plant should be properly ventilated.  
Explosions are often a concern for oxidation plants of this size. Storage tanks should be kept 
away from heat to avoid explosions. Monitoring of all gas streams is crucial as a buildup of 
oxygen in the process could cause the composition to fall into the flammable region and result in 
an explosion.  
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10.0 Conclusions and Recommendations 
 
In this report, the technological and economic feasibility of producing terephthalic acid using a 
novel, non-corrosive ionic liquid promoter was analyzed. We have concluded from our process 
design, economic, and safety analyses that this project is technologically feasible and will be 
very profitable if executed. The process has been successfully adapted from the existing Amoco 
Process to utilize SABIC‟s patented ionic liquid catalyst promoter system and produce 800 
million pounds of crude TPA per year.  
Under the assumed economic conditions, this process is projected to have a net present value of 
$110,840,600 in the year 2011 with an attractive internal rate of return of 34.07% As there is 
uncertainty in many of the factors that were assumed when estimating the economics of this 
project, sensitivity analyzes were conducted on many possible different factors. Tests were 
conducted by varying economic factors such as raw material prices, royalty fees, and utilities. 
The results have shown that the process has little risk of turning unprofitable, with the only real 
concerns being the unlikely scenarios that the selling price for crude TPA drop below $0.48/lb or 
SABIC charging a royalty fee of more than $.10/lb of TPA.   
More research into key assumptions made in the project may be required before final project 
approval is made. In particular, one large assumption made in designing this process was that the 
ionic liquid will solve the problem of equipment corrosion, which allows the use of stainless still 
equipment instead of expensive titanium-lined equipment. It was shown in the cost comparison 
to a hypothetical Amoco Process that the reduced capital costs in our process design account for 
a large increase in the profitability from the Amoco Process. As the potential IRR of this project 
is very favorable, it is recommended that further research be conducted. 
 
 
  
  Cao, Chang, Kaufman 
102 
 
11.0 Acknowledgements 
 
We would like to take this opportunity to express our gratitude and appreciation for all of the 
people who spent their time contributing to our senior design project.  
First, we would like to thank our industrial project advisor, Mr. Bruce Vrana of DuPont, for 
creating our problem statement and his continued guidance. We would also like to thank our 
faculty advisor,  Professor Daeyeon Lee, for his insightful comments and suggestions throughout 
the course of the project and for spending his time every week to help us work through the 
design for our project. We would especially like to express our gratitude for Professor Leonard 
Fabiano for giving us his time to answer our questions and advise us on many important aspects 
of our project such as modeling solids in ASPEN and the design of many pieces of our 
equipment. Most notably, on one occasion, he spent more than four hours of his time on a 
Tuesday evening to help our group come up with the best method for heat removal and how to 
best model it. We are very thankful for his thoughtfulness and commitment to the senior design 
times, including our own. Finally, we would like to thank all of the industry consultants for 
lending their expertise to counsel us on many facets of the project.  
  Cao, Chang, Kaufman 
103 
 
 
 
 
 
 
12.0 Appendix 
 
 
 
 
 
 
  Cao, Chang, Kaufman 
104 
 
12.1: Design Statement 
3. New Terephthalic Acid Process using Ionic Liquids 
(recommended by Bruce M. Vrana, DuPont) 
 
The conventional route to terephthalic acid (TPA), one of the monomers for polyethylene 
terephthalate (PET), is over 50 years old and has not changed much since it was discovered 
by Scientific Design. PET is used in soda bottles, carpets, fibers, etc. Despite the huge 
growth in PET worldwide, essentially all TPA is produced by the Amoco process (now 
owned by BP) or similar processes. In the Amoco process, p-xylene (PX) is oxidized with 
air to TPA, in an acetic acid solvent. Capital costs are very high because of an extremely 
corrosive bromide catalyst promoter, which necessitates Hastelloy or other expensive 
alloys be used for the equipment. 
               
      
SABIC has patented a novel catalyst system which is expected to solve the corrosion 
problem. They use an ionic liquid with an organic cation and bromide anion (1-ethyl-3- 
methylimidazolium bromide). PX conversion is 100%, selectivity to TPA is 95.6%, with 
similar byproducts formed as the Amoco process (p-toluic acid, 4-carboxybenzaldehyde, 
and 4-CBA).4-CBA is a troublesome impurity in making purified terephthalic acid (PTA). Crude 
TPA made by this process must be purified by dissolving the product in water and reacting the 
4-CBA away, as it is extremely difficult to separate from TPA. Crude TPA has 100 ppm of 
other impurities, but up to 2% 4-CBA. 
 
Your company has asked your group to assess the technoeconomic feasibility of this ionic 
liquid discovery. You need to design a TPA plant through production of crude TPA using 
this new process. Purification to PTA is outside the scope of your effort. 
O viously, corrosion is a key uncertainty of the new route. Your company‟s chemists 
believe that the ionic liquid completely prevents bromide from leaching out and corroding 
the equipment. Analytical results confirm that belief, but long-term corrosion tests are 
currently being conducted in your labs. Management wants to proceed with your study in 
parallel with corrosion tests. Assuming the chemists‟ assertion is correct, you can use 
stainless steel for the process. Clearly, if that is not the case, then the process would have 
no advantage over the Amoco process and could not afford the expensive ionic liquid 
promoter. 
  
Design a process to make 800MM lb/yr of TPA from PX at your plant complex on the U.S. 
Gulf Coast. PX is available on site for $0.45/lb. Crude TPA is worth $0.60/lb to your 
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company. The ionic liquid promoter is estimated to cost $25/lb when produced at the scale 
required to initially charge to your plant. All prices are forecasts by your marketing 
organization for long term average prices, expressed in 2011 at your plant site. 
You will have to make many assumptions to complete your design, since the data you have 
is far from complete. State them explicitly in your report, so that management may 
understand the uncertainty in your design and economic projections before considering the 
next step toward commercialization – designing and running a pilot plant. Test your 
economics to reasona le ranges of your assumptions. If there are any possi le “showstoppers” 
(i.e., possible fatal flaws, if one assumption is incorrect that would make the 
design either technically infeasible or uneconomical), these need to be clearly 
communicated and understood before proceeding. Corrosion is one such show-stopper, but 
the question is whether there are any others. 
 
The plant design should be as environmentally friendly as possible. Recover and recycle 
process materials to the maximum economic extent. Also, energy consumption should be 
minimized, to the extent economically justified. The plant design must also be controllable  
and safe to operate. Remember that, if the plant is built, you will be there for the start-up 
and will have to live with whatever design decisions you have made. 
 
Reference 
European Patent 2,125,686, December 2, 2009, assigned to SABIC (equivalent to World 
Patent application 2008/074497, June 26, 2008) 
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12.2 Sample Calculations 
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12.2.1 Distillation Column       
 
Estimation of Droplet Velocity U
G 198920.474 lb/hr Vapor Flow Rate from Top Tray
ρG 0.20471936 lb/ft
3
Vapor Density
ρL 52.9714017 lb/ft
3
Liquid Density
L 174189.744 lb/hr Reflux Rate
σ 45.7168721 dyne/cm Liquid Surface Tension
FLG 0.054437957 Fair Correlation Liquid/Gas Factor
CSB 0.25 ft/s From Fair Correlation (Fig 19.4 of Seider)
FST 2.285843605 Surface Tension Factor
FF 1 Foaming Factor (=1 for non-foaming)
FHA 0.15 Hole Area Factor (=1 for valve/bubble cap)
C 0.085719135
Uf 1.37618943 ft/s Vapor Flooding Velocity
U 1.032142072 ft/s
Estimation of Column Diameter
V 55.26 lb/s
D 19.23415467 ft
Distillation Column D-301
1
2
D=
4V
.9 vU
 
 
 
fU=.75U 1
2
fU
L V
V
C
 

 
 
 
 
= CC F F FST F HA SB
1
2
F
V
LG
L
L
V


 
 
 
 
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Pruchase Cost of Column
NT 23 Number of Trays
xT 18 in Tray Spacing
xD 4 ft Disengagement Height
xS 10 ft Sump
L 50 ft Height of Column
Di 19.23415467 Internal Diameter
V 14528.00879 ft3 Volume of Column
Po 86 psig
Pd 111.94321 psig
S 15000 psi Maximum Allowable Stress
E 1 Weld Efficiency
ts 0.86512701 Wall Thickness
 Stainless Steel 304
Density of Material 0.289 lb/in3
W 142784.6546 Weight
Cv $320,683.54 Cost of Empty Vertical Vessels 
including nozzles, manholes, and supports
Material Used: 
Distillation Column D-301
T T D SL=N X X X 
  SW= D+t L+0.8D ti s 
P D
t
2SE-1.2P
d i
s
d

   
2
P exp{0.60608 0.91615 ln P 0.0015655 ln P }d o o        
   
2
C exp{7.2756 0.18255 ln W 0.02297 ln W }V         
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CPL $45,015.00 Cost of Platforms and Ladders
Material Stainless Steel 304
Fm 1.7
Cp $639,515.81
Purchase Cost of Trays
For 316 Stainless Steel
NT 23
FNT 1
FTT 1
Material 316 Stainless Steel
FTM 2.916651388
CBT $13,270.35 Base Cost for Sieve Trays
CT $890,214.91
Cost of Distillation Column
Column $639,515.81
Trays $890,214.91
Total $1,529,730.70
Distillation Column D-301
C C F CP v M PL 
C N F F F CT T NT TT TM BT
C 468exp(0.1739D )BT i
F 1.401 0.0724DTT i 
0.63316 0.80161
PLC 300.9( ) ( )iD L
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12.2.2 Condenser  
 
 
Estimation of Condenser Size
U 100 BTU/hr-ft2
Q 178242690 BTU/hr
Tci 90 F
Tco 120 F
Thi 260 F
Tho 260 F
ΔT1 170 F
ΔT2 140 F
ΔTLM 154.5149146 F
A 11535.6301 ft2
Purchase Cost of Condenser (Fixed Head Heat Exchanger)
Material Carbon Steel/Stainless Steel
CB $62,943.81
FP 0.9803
FM 3.603810646
FL 1
CP $222,368.88
Condenser H-301
1 2T TT
T1
ln
T2
LM
 
 


LM
Q
A=
U T
C =F F F CP P M L B
2C exp(11.0545 0.9228ln 0.0986(ln ) )B A A  
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12.2.3 Pump  
 
Purchase Cost of Electric Motor
Q 644.8 ft^3/hr
H 244 ft
ρ 59 ft^3/hr
ηP 0.51 Fractional Efficiency of Pump
PB 9.24 Hp Brake Horsepower
ηM 0.86 Motor Efficiency
PC 10.72 Consumed Power
CB $817.98 Base Cost
FT 1.7
CP $1,390.57
Pump P-303
  2P 0.316 0.24015 lnQ 0.01199(lnQ)    
   M B B0.80 0.0319 lnP .00182 lnP   
B
QH
P
33000 M P

 

B
C
M
P
P


2 3 4
C (5.8259 0.13141 * LN(P ) 0.053255 * (LN(P ) 0.028628 * (LN(P )) 0.0035549 * (LN(P )) )
B C C C C
EXP    
C =F CP T B
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Purchase Cost of Centrifugal Pump
Q 80.4 gpm Flow Rate
H 53 ft Head
S 585.320835 Size Factor
CB $3,195.04 Base Cost (CE 2010=541.8)
FT 1.8 Table 22.20
Material Stainless Steel
FM 2 Material s Factor
CP $11,502.15
Purchase Cost of Motor and Pump
Motor $1,390.57
Pump $11,502.15
Total $12,892.72
Pump P-303
 
0.5
S=Q H
 
2
C =EXP(9.7171-0.6019 LN(S) +0.0519 LN(S)B   
C =F F CP T M B
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12.2.4 Heat Exchanger H-306 
 
Estimation of Heat Exchanger Size
U 40 BTU/hr-ft2
Q 464627 BTU/hr
Tci 90 F
Tco 120 F
Thi 280 F
Tho 261 F
ΔT1 170 F
ΔT2 141 F
ΔTLM 164.28 F
A 70.7065681 ft2
Purchase Cost of Fixed Head Heat Exchanger
Material Carbon Steel/Stainless Steel
CB $8,331.38 Base Cost (CE 2010=541.8)
FP 0.9803
FM 2.70593809
FL 1
CP $22,100.07
Heat Exchanger H-306
1 2T TT
T1
ln
T2
LM
 
 


LM
Q
A=
U T
C =F F F CP P M L B
2C EXP(11.0545 0.9228ln 0.0986(ln ) )B A A  
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12.2.5 Reactor 
 
Estimation of Vessel Dimensions
L/D 2 Aspect Ratio
τ 2 hr Residence Time
Frac 90% Fraction of drum full
gas correction 2
Vvessel 44835.6 gal 
D 15.63 ft
L 31.25 ft
Estimation of Vessel Size
Diameter 15.63 ft
Length 31.25 ft
Volume 5994.067407 ft^3
Po 247 psig Operating Pressure
Pd 299.1736905 psig Design Pressure
S 15000 psi Maximum Allowable Stress
E 1 Weld Efficiency
ts 1.892688596 inches Wall thickness
Reactor
(Assuming that the sparged gas will take 
up as much volume as the liquid)
  SW= D+t L+0.8D ti s 
P D
t
2SE-1.2P
d i
s
d

   
2
P exp{0.60608 0.91615 ln P 0.0015655 ln P }d o o        
2
V=
4
D
L

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Material Used: Stainless Steel
ρmaterial 0.28901 lb/in^3
W 170906.4267 lb
Purchase Cost of Reactor
Cv $365,783.98 Cost of Empty Horizontal Vertical Vessel
CPL $27,080.44 Cost of Platforms and Ladders
Fm 1.7 Stainless Steel
CP $627,300.00
Reactor
   
2
C exp{7.2756 0.18255 ln W 0.02297 ln W }V         
0.63316 0.80161
PLC 300.9( ) ( )iD L
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12.2.6 Reflux Accumulator  
 
 
 
 
 
Estimation of Vessel Diameter
L/D 2 Aspect Ratio
τ 0.083333333 hr Residence Time
Frac 0.5 Fraction of drum full
Vdrum 2600.4 ft
3
D 6.51 ft
Estimation of Vessel Size
Reflux Accumulator A-301
  SW= D+t L+0.8D ti s 
P D
t
2SE-1.2P
d i
s
d

1/3
2V
D

 
  
 
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Diameter 6.51 ft
Length 13 ft
Volume 433.4 ft3
Po 84 psig Operating Pressure
Pd 109.5199716 psig Design Pressure
S 15000
E 1 Weld Efficiency
ts 0.5 inches Wall thickness
Material Used: Stainless Steel
ρmaterial 0.28901 lb/in^3
W 7798.467692 lb
Purchase Cost of Reflux Accumulator
Cv $31,089.55 Cost of Empty Horizontal Vertical Vessel
CPL $2,932.40 Cost of Platforms and Ladders
Fm 1.7 Stainless Steel
CP $55,784.62
Reflux Accumulator A-301
   
2
P exp{0.60608 0.91615 ln P 0.0015655 ln P }d o o        
   
2
C exp{8.9552 0.2330 ln W 0.04333 ln W }V         
 
0.20294
C 2005 DPL i
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12.2.7 Falling Film Evaporator 
Estimation of Heat Exchanger Size
U 350 BTU/hr-ft2
Q 515280 BTU/hr
Tci 263 F
Tco 278 F
Thi 280 F
Tho 280 F
ΔT1 17 F
ΔT2 2 F
ΔTLM 7 F
A 210.3183673 ft2
Purchase Cost of Falling Film Evaporator
Material Carbon Steel/Stainless Steel
CP $259,599.01
Bare Module Factor 2.45
Bare Module Cost $689,188.64 CE=2010 541.8
Falling Film Evaporator
1 2T TT
T1
ln
T2
LM
 
 


LM
Q
A=
U T
0.55
PC =13,700A
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12.3 Correspondences 
From:   Erin Chang erinch@seas.upenn.edu 
To:        bruce.m.vrana@usa.dupont.com 
Date:    Wed, Feb 23, 2011 at 1:44 PM 
 
Dear Mr. Vrana,  
 
You mentioned at our meeting last week that you may be able to help us estimate a size and cost for the 
centrifuge needed to separate our slurry product. We have attached an excel file with the slurry 
composition and conditions. From our calculations, it seems the slurry is close to 80 wt% solids. Also, 
would it be possible to run the centrifuge at ~20 atm? We need to decrease the pressure of our slurry 
stream, but we're worried about using a valve to decrease pressure before the centrifuge due to our 
high solid content. We've also attached a backup file of our process in case you'd like to take a look at it.  
 
Thank you! Please let me know if you need any more information.  
 
Best, 
Erin  
  
From: Bruce M Vrana Bruce.M.Vrana@usa.dupont.com 
Ro: erinch@seas.upenn.edu 
Date: Thu, Feb 24, 2011 at 6:00 PM 
 
Erin, Maria and Nora,  
 
I'm surprised that the slurry before the centrifuge is already 80% solids.  80% solids is likely to be 
basically a solid with very little or no visible free liquid.    I was curious to see how you calculated that.  I'm 
concerned that you don't have enough solvent (acetic) in the process.  Unfortunately, I was unable to 
open your Aspen file because I'm using an older version of Aspen than you are.  Perhaps if you export an 
Input language file (.inp file), I may be able to read it.  Although perhaps I don't even need to, if you can 
look back at how you specified how much solvent you're using and check whether that is what you really 
want.  
 
I don't think I've ever seen a large scale continuous centrifuge operate under such high pressure.  You 
are right to be worried about erosion of a valve with such high solids.  But I don't think you'll need to do 
either.  
 
I've done a little bit of research, and it looks to me like the reactor effluent in the TPA process goes to 
three crystallizers in series, each operated at lower pressure.  It takes some time (and cooling) for the 
TPA to crystallize - the reaction occurs in the liquid phase, producing liquid TPA (dissolved in acetic) not 
solid directly.  The crystallizer produces about 37% solids.  The centrifuge produces a cake that is about 
88% solids.  
 
For your production rate, unless you can get a price from a vendor or other source, use a purchased 
equipment cost of $600K for the centrifuge.  It has a 250 HP motor, so you can calculate the cost of the 
electricity.  
 
Hope this helps.  
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Bruce 
  
From: Erin Chang erinch@seas.upenn.edu 
To: Bruce M Vrana Bruce.M.Vrana@usa.dupont.com 
Date: Thu, Feb 24, 2011 at 10:56 PM 
 
Hi Mr. Vrana,  
 
Thank you for catching that mistake! For some reason, the version of the aspen file we sent you had 
mass flows of each of the products that were 10x larger than they were supposed to be. We're not sure 
why that is, but our most current version has the correct product flow rates. Our slurry is actually 
around 26% solids.  
 
Will just one 600K centrifuge with a 250 HP motor be able to handle ~400,000 lb/hr with 26% solids? 
 
 
Thanks, 
Erin, Nora, Maria 
 
From: Bruce M Vrana <Bruce.M.Vrana@usa.dupont.com> 
To:  Erin Chang <erinch@seas.upenn.edu> 
Date: Fri, Feb 25, 2011 at 9:43 AM 
 
Actually, for reliability purposes, it would probably be two centrifuges, each $300K, about 125 HP each. 
Should have mentioned that yesterday, rather than giving you the totals.  
 
Good luck.  Let me know if you have any other questions.  
 
Bruce 
------------------------------------------------------------------------------------------------------------------------------------------ 
From: Erin Chang <erinch@seas.upenn.edu> 
To: dkolesar@dow.com 
Date: Wed, Feb 23, 2011 at 9:02 PM 
 
Hi Mr. Kolesar,  
 
Yesterday, you suggested that we use a heat transfer fluid such as Dowtherm inside the cooling coils we 
will place in our reactor to remove ~ 300MM BTU/hr of heat and transfer about half of that heat to the 
reboiler in our distillation column. I tried to do some research into which Dowtherm product would be 
most suitable for our system, but there are so many! I was hoping you could give us some advice.  
 
The reactor is held at 392 F and the outlet stream from the reboiler is around 200-300 F (I can't 
remember exactly, but I believe it's around this range). Can you please advise us on  
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1) Which Dowtherm product should we use? I have looked into Dowtherm A and Dowtherm SR-1, but it 
seems that our system is higher than the limits of SR-1  
2) Reasonable inlet and outlet temperatures for the fluid, and the maximum allowable delta T   
3) Pricing estimates for whichever product is best. I am currently worried that the fluid may be too 
expensive for our system and, if this is the case, perhaps we should use CW in our coils instead?  
4) How often does the Dowtherm fluid need to be replaced?  
 
Thank you very much for your help!   
 
Erin 
 
From: Kolesar, David M (M) <DKolesar@dow.com> 
To: Erin Chang <erinch@seas.upenn.edu> 
Date: Tue, Mar 1, 2011 at 8:56 AM 
Subject: RE: CBE 459 Senior Design: Dowtherm Products for heat removal from TPA reactor 
 
 
Hi Erin:    
 DowTherm A is rated from 60 to 750F so it should be good for your application and it is in Aspen Plus. 
 You should be able to use the fluid for years, five to ten years is reasonable.You can figure about $2800/ 
tone.  Good luck and let me know if you need anything else. 
  
Good Luck, 
Dave 
------------------------------------------------------------------------------------------------------------------------------------------ 
From: <lfabiano@seas.upenn.edu> 
Date: Wed, Feb 16, 2011 at 12:39 PM 
Subject: Fwd: [1135206] HOW TO GET ASPEN PLUS TO RECOGNIZE SOLIDS FORMED IN REACTIONS 
To: Erin Chang <erinch@seas.upenn.edu> 
 
Hello Eric: 
Here is the response that I received from ASPEN TECH. The attached file makes the simple change but 
you need to find the DGSFRM values.  The model as it stands does not produce any of your products. 
 
I am not certain whether or not it will do what you need when you add the values.  Give it a try. 
 
Professor Fabiano 
 
 
Date: Tue, 15 Feb 2011 10:49:11 -0500 
 From: AES Support <AES.Support@aspentech.com> 
 Subject: [1135206] HOW TO GET ASPEN PLUS TO RECOGNIZE SOLIDS FORMED IN REACTIONS 
     To: lfabiano@seas.upenn.edu 
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Hello Leonard, 
 
You need to specify (cisolid) in the component drop-down, e.g. 2 
4-CAR-01(Cisolid) 
 
You should also enter DHSFRM for these components. 
 
 **  ERROR 
 
     PHYSICAL PROPERTY PARAMETER DHSFRM   IS MISSING 
 
     FOR THE FOLLOWING COMPONENTS: 
 
         TEREP-01    P-TOL-01    4-CAR-01 
 
     ABSENCE OF THIS PARAMETER WILL RESULT IN INCORRECT ENTHALPY 
RESULTS. 
 
 
Regards, 
 
Lorie Roth 
AspenTech Technical Support 
+1.888.996.7100, select options 2,2 
support@aspentech.com 
Houston, Texas, USA (GMT-6) 
http://support.aspentech.com 
 
From: Erin Chang <erinch@seas.upenn.edu> 
To: Leonard Fabiano< lfabiano@seas.upenn.edu> 
Date:Mar 24, 2011 at 2:39 AM 
 
Hi Professor Fabiano, 
Yesterday I also calculated the circulation needed in an unattached HX, 
but 
I didn't know we could connect heat transfer streams - that is very cool! 
 
Thank you again for all of the time you spent with me on Tuesday night and 
for your extra efforts with helping us fix our model. We really appreciate 
it! 
 
A few questions about the fixed simulation: 
 
1) I noticed that the pressure of the 'to reactor' stream is ~25 psi 
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higher 
than the pressure in the reactor. Should this be the case for all of the 
streams entering the reactor? 
 
2) Why is it that the specification for the pump around HX should be 
"Temperature change: + 292" instead of -292? I thought we wanted to send 
cold slurry back into the reactor...but I tried a negative temperature 
change and then outlet stream to the reactor ended up being 1392 F! I 
guess 
I'm just unsure of why this specification works. 
 
I've attached a most current version of our aspen flowsheet in case you 
wanted it for your records. 
 
Thanks, 
Erin 
From: Erin Chang <erinch@seas.upenn.edu> 
To: Leonard Fabiano< lfabiano@seas.upenn.edu> 
Mar 24, 2011 at 2:39 PM, <lfabiano@seas.upenn.edu> wrote: 
 
Hello again Erin: 
 
As I look at the reactor volume required for a 2 hour residence time it is 
quite large based only on the liquid volume/hour or 16,000 cubic feet. This 
is 120,000 gallons. 
 
THIS IS QUITE LARGE!  Please come to see me on Friday so that I can offer a 
design concept/details for you. 
 
Professor Fabiano 
------------------------------------------------------------------------------------------------------------------------------------------ 
From: Nora Cao 
To: Bruce Vrana 
Date: March 24, 2011 06:17 PM 
Hello, Mr. Vrana.  
 
You mentioned in our meeting last week that you could help us finding the price for cobalt acetate and 
electricity needed for compressed air facility.  
I have emailed few companies asking for a quote for the cobalt acetate but still have not heard back 
from them. 
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Thank you so much for your help. 
Nora 
From: Bruce M Vrana <Bruce.M.Vrana@usa.dupont.com> 
Date: Wed, Mar 30, 2011 at 10:23 AM 
To: nora.cao@gmail.com 
 
 
Nora,  
 
I'm sorry for the slow response.  I read your e-mail the evening of 3/24, intending to respond when I got to 
the office the next morning, but obviously got tied up with work and failed to follow through.  
 
For cobalt acetate, I'd suggest using a price of $10/lb.  
 
To run your own air separation plant, I'd suggest the following.  The electricity to run a modern air 
separation plant, excluding the final product compressor, is about 220 kwhr/ton (short ton).  You'll need to 
add on to that the cost of the product oxygen compressor.  Calculate the electricity required to compress 
the oxygen from atmospheric pressure to the pressure you need it at.  Allow some pressure drop in the 
pipeline from the oxygen plant to your plant, and be sure to include the compressor efficiency in your 
calculations.  
 
Please let me know if you have any other questions.  Again, sorry for the delay.  
 
Bruce 
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12.4 ASPEN Simulation Report:  
 
 
LIQUIDIN
GASIN
HEATSTRE
REACTOUT
S-101
S-114
S-112
S-102
LIQINPUM
S-107
S-113
S-111
S-103
S-203
S-204
S-205
S-211
S-206
S-207
S-202
S-301
B4P302
S-302
S-303
S-306
S-307
S-308
S-305
S-309-2
S-311
S-108
S-200
S-2092
S-210
S-304
8
S-109
S-110
S-201
B4PURGE
S-105
S-106
S-104
S-2091
CO2
OXYGEN
SOLVENT
ILCAT
S-214
S-208
S-215
S-213-1
S-213-2
S-212
S-309-1
S-310
1
2
R-101
MIXER
DUMMY
GASMIX
C-201
A-201
D-301
BOTSPLIT
B1
B4
H-102
VALVE
H-201
D-302
V-101
B-101
PURGE
V-201
B-201
V-202
H-101
P-103
P-104
P-302
P-201
B-202
B11
B12
B2
B-203
H-202
PURGE200
F-301
B5
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12.4.1 Block 
 
 BLOCK:  VALVE    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-113    
   OUTLET STREAM:         S-200    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7230.67         7230.67         0.00000     
       MASS(LB/HR   )            442831.         442831.        0.262889E-
15 
       ENTHALPY(BTU/HR  )      -0.134576E+10   -0.134576E+10    0.311973E-
07 
 
                          ***  INPUT DATA  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         50.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE PRESSURE DROP       PSI                         211.068       
 
 BLOCK:  V-202    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-210    
   OUTLET VAPOR STREAM:   B4PURGE  
   OUTLET LIQUID STREAM:  S-211    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2269.04         2269.04        0.200414E-
15 
       MASS(LB/HR   )            71886.1         71886.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.499271E+08   -0.499271E+08    0.325653E-
07 
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                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    105.00     
   OUTLET PRESSURE       PSIA                                 40.000     
   VAPOR FRACTION                                            0.89225     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.97210E-01    0.78896        0.13670E-01    
0.17326E-01 
      P-XYL-01         0.26547E-05    0.20935E-04    0.44700E-06    
0.21351E-01 
      WATER            0.27481E-01    0.20761        0.57276E-02    
0.27587E-01 
      ANTHR-01         0.41043E-04    0.38089E-03    0.11340E-09    
0.29769E-06 
      AIR              0.87527        0.30309E-02    0.98060         
323.54     
 
 BLOCK:  V-201    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-200    
   OUTLET VAPOR STREAM:   S-201    
   OUTLET LIQUID STREAM:  S-203    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7230.67         7230.67         0.00000     
       MASS(LB/HR   )            442831.         442831.       -0.262889E-
15 
       ENTHALPY(BTU/HR  )      -0.134576E+10   -0.134576E+10   -0.572169E-
06 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                15.0000      
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
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   OUTLET TEMPERATURE    F                                    287.94     
   OUTLET PRESSURE       PSIA                                 35.000     
   VAPOR FRACTION                                            0.24615     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.75536        0.78618        0.66099        
0.84076     
      P-XYL-01         0.21137E-04    0.20919E-04    0.21804E-04     
1.0422     
      OXYGEN           0.18243E-02    0.54139E-05    0.73948E-02     
1365.7     
      WATER            0.23712        0.20705        0.32921         
1.5900     
      CARBO-01         0.59045E-03    0.52104E-05    0.23828E-02     
457.30     
      SODIU-01         0.54638E-04    0.72478E-04    0.99823E-23    
0.13775E-18 
      SODIU-02         0.54638E-04    0.72478E-04    0.99823E-23    
0.13775E-18 
      ANTHR-01         0.49748E-02    0.65986E-02    0.17655E-05    
0.26757E-03 
 
 BLOCK:  V-101    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-108    
   OUTLET VAPOR STREAM:   8        
   OUTLET LIQUID STREAM:  S-112    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3725.21         3725.21         0.00000     
       MASS(LB/HR   )            147501.         147501.       -0.197312E-
15 
       ENTHALPY(BTU/HR  )      -0.398948E+09   -0.398948E+09    0.779402E-
08 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    105.00     
   OUTLET PRESSURE       PSIA                                 241.07     
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   VAPOR FRACTION                                            0.45943     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.32758        0.60453        0.17119E-02    
0.28318E-02 
      P-XYL-01         0.12379E-04    0.22755E-04    0.16951E-06    
0.74492E-02 
      OXYGEN           0.36119        0.28300E-02    0.78285         
276.62     
      WATER            0.20514        0.37797        0.17724E-02    
0.46893E-02 
      CARBO-01         0.10608        0.14642E-01    0.21367         
14.592     
      ANTHR-01         0.22056E-05    0.40802E-05    0.20154E-12    
0.49395E-07 
 
 BLOCK:  R-101    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAMS:         LIQUIDIN    GASIN    
   INLET HEAT STREAM:     HEATSTRE 
   OUTLET STREAM:         REACTOUT 
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         11597.7       10955.9      -640.066      
0.152341E-03 
   MASS(LB/HR   )         590362.       590332.                    
0.512092E-04 
   ENTHALPY(BTU/HR  )   -0.169157E+10 -0.169027E+10               -
0.767221E-03 
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     P-XYL-01  -2.00    OXYGEN    -5.00    WATER      4.00     
     SUBSTREAM CISOLID : 
     4-CAR-01   2.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     P-XYL-01  -1.00    OXYGEN    -3.00    WATER      2.00     
     SUBSTREAM CISOLID : 
     TEREP-01   1.00     
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    REACTION #   3: 
     SUBSTREAM MIXED   : 
     P-XYL-01  -2.00    OXYGEN    -3.00    WATER      2.00     
     SUBSTREAM CISOLID : 
     P-TOL-01   2.00     
 
    REACTION #   4: 
     SUBSTREAM MIXED   : 
     ACETI-01  -1.00    OXYGEN    -2.00    WATER      2.00    CARBO-01   
2.00     
     SUBSTREAM CISOLID : 
     NO PARTICIPATING COMPONENTS  
 
    REACTION #   5: 
     SUBSTREAM MIXED   : 
     P-XYL-01  -14.0    OXYGEN    -27.0    WATER      38.0    ANTHR-01   
8.00     
     SUBSTREAM CISOLID : 
     NO PARTICIPATING COMPONENTS  
 
    REACTION #   6: 
     SUBSTREAM MIXED   : 
     P-XYL-01  -14.0    OXYGEN    -27.0    WATER      38.0     
     SUBSTREAM CISOLID : 
     ANTHR-01   8.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    2 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:P-XYL-01 CONV FRAC: 0.2200E-01 
     REACTION #   4: 
     SUBSTREAM:MIXED    KEY COMP:ACETI-01 CONV FRAC: 0.5000E-03 
 
 
   REACTION EXTENT SPECS: NUMBER=    4 
     REACTION #   2: EXTENT=   637.0     LBMOL/HR         
     REACTION #   3: EXTENT=   2.330     LBMOL/HR         
     REACTION #   5: EXTENT=  0.3500     LBMOL/HR         
     REACTION #   6: EXTENT=  0.3500     LBMOL/HR         
 
 
 
 
   TWO    PHASE  PQ  FLASH 
   SPECIFIED PRESSURE    PSIA                              261.068       
   DUTY FROM INLET HEAT STREAM(S)  BTU/HR                   -0.308528+09 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    406.94     
   OUTLET PRESSURE       PSIA                                 261.07     
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   VAPOR FRACTION                                            0.44912     
 
 
 
   HEAT OF REACTIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           BTU/LBMOL        
      1                   P-XYL-01         -0.45857E+06 
      2                   P-XYL-01         -0.57421E+06 
      3                   P-XYL-01         -0.29561E+06 
      4                   ACETI-01         -0.36021E+06 
      5                   P-XYL-01         -0.35151E+06 
      6                   P-XYL-01         -0.28995E+06 
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  7.3293     
      2                  637.00     
      3                  2.3300     
      4                  3.0936     
      5                 0.35000     
      6                 0.35000     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.60049        0.76900        0.39380        
0.51208     
      P-XYL-01         0.17869E-04    0.21250E-04    0.13721E-04    
0.64567     
      OXYGEN           0.13182        0.15162E-02    0.29165         
192.35     
      WATER            0.22568        0.22315        0.22879         
1.0252     
      CARBO-01         0.38744E-01    0.41708E-03    0.85756E-01     
205.61     
      SODIU-01         0.34865E-04    0.63290E-04    0.27706E-20    
0.43782E-16 
      SODIU-02         0.34865E-04    0.63290E-04    0.27706E-20    
0.43782E-16 
      ANTHR-01         0.31753E-02    0.57612E-02    0.34877E-05    
0.60538E-03 
 
 BLOCK:  PURGE200 MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          B4PURGE  
   OUTLET STREAMS:        S-212       S-213-1  
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
  Cao, Chang, Kaufman 
132 
 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2024.54         2024.54         0.00000     
       MASS(LB/HR   )            59346.3         59346.3         0.00000     
       ENTHALPY(BTU/HR  )      -0.595531E+07   -0.595531E+07     0.00000     
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=S-212    FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= S-212          SPLIT=          0.050000    KEY=  0    STREAM-
ORDER=   1 
          S-213-1                        0.95000           0                    
2 
 
 BLOCK:  PURGE    MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          8        
   OUTLET STREAMS:        S-109       S-110    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1711.47         1711.47         0.00000     
       MASS(LB/HR   )            59197.1         59197.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.623693E+08   -0.623693E+08     0.00000     
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=S-109    FRAC=         0.97000     
 
                           ***  RESULTS  *** 
 
  STREAM= S-109          SPLIT=          0.97000     KEY=  0    STREAM-
ORDER=   1 
          S-110                          0.030000          0                    
2 
 
 BLOCK:  P-302    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          B4P302   
   OUTLET STREAM:         S-304    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
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                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1212.52         1212.52         0.00000     
       MASS(LB/HR   )            75283.2         75283.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.225467E+09   -0.225479E+09    0.554196E-
04 
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  20.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       1,418.80        
    PRESSURE CHANGE  PSI                                  -78.6000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                        -8.11036     
    BRAKE POWER  HP                                        -4.91110     
    ELECTRICITY  KW                                        -3.66220     
    PUMP EFFICIENCY USED                                    0.60553     
    NET WORK REQUIRED  HP                                  -4.91110     
    HEAD DEVELOPED FT-LBF/LB                             -213.308       
 
 BLOCK:  P-201    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-206    
   OUTLET STREAM:         S-207    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4950.79         4950.79         0.00000     
       MASS(LB/HR   )            258806.         258806.         0.00000     
       ENTHALPY(BTU/HR  )      -0.874789E+09   -0.874695E+09   -0.107551E-
03 
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 115.000       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
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                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       4,611.73        
    PRESSURE CHANGE  PSI                                   80.0000      
    NPSH AVAILABLE   FT-LBF/LB                              1.24939     
    FLUID POWER  HP                                        26.8319      
    BRAKE POWER  HP                                        36.9766      
    ELECTRICITY  KW                                        27.5734      
    PUMP EFFICIENCY USED                                    0.72565     
    NET WORK REQUIRED  HP                                  36.9766      
    HEAD DEVELOPED FT-LBF/LB                              205.278       
 
 BLOCK:  A-201    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-211       S-205    
   OUTLET STREAM:         S-206    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4950.79         4950.79         0.00000     
       MASS(LB/HR   )            258806.         258806.       -0.112454E-
15 
       ENTHALPY(BTU/HR  )      -0.874789E+09   -0.874789E+09    0.804613E-
09 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  P-104    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-311    
   OUTLET STREAM:         S-114    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5207.14         5207.14         0.00000     
       MASS(LB/HR   )            307910.         307910.         0.00000     
       ENTHALPY(BTU/HR  )      -0.976174E+09   -0.975808E+09   -0.375558E-
03 
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 275.572       
    DRIVER EFFICIENCY                                       1.00000     
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    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       5,773.18        
    PRESSURE CHANGE  PSI                                  255.572       
    NPSH AVAILABLE   FT-LBF/LB                           -141.583       
    FLUID POWER  HP                                       107.306       
    BRAKE POWER  HP                                       144.083       
    ELECTRICITY  KW                                       107.443       
    PUMP EFFICIENCY USED                                    0.74475     
    NET WORK REQUIRED  HP                                 144.083       
    HEAD DEVELOPED FT-LBF/LB                              690.029       
    NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION 
HEAD. 
 
 BLOCK:  P-103    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-104    
   OUTLET STREAM:         S-105    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            17334.8         17334.8         0.00000     
       MASS(LB/HR   )            976497.         976497.         0.00000     
       ENTHALPY(BTU/HR  )      -0.307467E+10   -0.307455E+10   -0.366692E-
04 
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 290.075       
    PUMP EFFICIENCY                                         0.80000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      16,803.2         
    PRESSURE CHANGE  PSI                                   29.0075      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                        35.4486      
    BRAKE POWER  HP                                        44.3107      
    ELECTRICITY  KW                                        33.0425      
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    PUMP EFFICIENCY USED                                    0.80000     
    NET WORK REQUIRED  HP                                  44.3107      
    HEAD DEVELOPED FT-LBF/LB                               83.5574      
 
 BLOCK:  MIXER    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-101       S-114       S-112       S-102    
   OUTLET STREAM:         LIQINPUM 
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7897.03         7897.03         0.00000     
       MASS(LB/HR   )            467542.         467542.       -0.373491E-
15 
       ENTHALPY(BTU/HR  )      -0.132126E+10   -0.132126E+10    0.222036E-
08 
 
                          ***  INPUT DATA  *** 
   ONE    PHASE      FLASH   SPECIFIED PHASE IS  LIQUID  
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                  14.6959      
 
 BLOCK:  H-202    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-213-2  
   OUTLET STREAM:         S-214    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1923.31         1923.49       -0.944555E-
04 
       MASS(LB/HR   )            56379.0         56384.1       -0.912417E-
04 
       ENTHALPY(BTU/HR  )      -0.496772E+07   -0.367973E+07   -0.259273     
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       250.000       
   SPECIFIED PRESSURE                   PSIA                     35.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          
0.000100000 
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                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    250.00     
   OUTLET PRESSURE       PSIA                                 35.000     
   HEAT DUTY             BTU/HR                              0.12891E+07 
   OUTLET VAPOR FRACTION                                      1.0000     
   PRESSURE-DROP CORRELATION PARAMETER                        5504.3     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.13670E-01    0.77935        0.13670E-01    
0.46146     
      P-XYL-01         0.44700E-06    0.23141E-04    0.44700E-06    
0.50819     
      WATER            0.57276E-02    0.17706        0.57276E-02    
0.85107     
      ANTHR-01         0.11340E-09    0.33506E-04    0.11340E-09    
0.89037E-04 
      AIR              0.98060        0.43542E-01    0.98060         
592.50     
 
 BLOCK:  H-201    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-2092   
   OUTLET STREAM:         S-210    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2269.04         2269.04         0.00000     
       MASS(LB/HR   )            71886.1         71886.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.427216E+08   -0.499271E+08    0.144320     
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       105.000       
   PRESSURE DROP                        PSI                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          
0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    105.00     
   OUTLET PRESSURE       PSIA                                 40.000     
   HEAT DUTY             BTU/HR                             -0.72055E+07 
   OUTLET VAPOR FRACTION                                     0.89225     
   PRESSURE-DROP CORRELATION PARAMETER                        0.0000     
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.97210E-01    0.78896        0.13669E-01    
0.17326E-01 
      P-XYL-01         0.26547E-05    0.20935E-04    0.44699E-06    
0.21351E-01 
      WATER            0.27481E-01    0.20761        0.57274E-02    
0.27588E-01 
      ANTHR-01         0.41043E-04    0.38089E-03    0.11339E-09    
0.29770E-06 
      AIR              0.87527        0.30309E-02    0.98060         
323.54     
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR WATER                         U-1 
  RATE OF CONSUMPTION                    6824.8330  LB/HR            
  COST                                   6.6883-02  $/HR             
 
 BLOCK:  H-102    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-107    
   OUTLET STREAM:         S-108    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3725.21         3725.21         0.00000     
       MASS(LB/HR   )            147501.         147501.         0.00000     
       ENTHALPY(BTU/HR  )      -0.360050E+09   -0.398948E+09    0.975008E-
01 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       105.000       
   PRESSURE DROP                        PSI                      20.0000      
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          
0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    105.00     
   OUTLET PRESSURE       PSIA                                 241.07     
   HEAT DUTY             BTU/HR                             -0.38898E+08 
   OUTLET VAPOR FRACTION                                     0.45943     
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   PRESSURE-DROP CORRELATION PARAMETER                        10790.     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.32758        0.60453        0.17118E-02    
0.28318E-02 
      P-XYL-01         0.12379E-04    0.22755E-04    0.16948E-06    
0.74492E-02 
      OXYGEN           0.36119        0.28300E-02    0.78285         
276.62     
      WATER            0.20514        0.37797        0.17725E-02    
0.46893E-02 
      CARBO-01         0.10608        0.14642E-01    0.21367         
14.592     
      ANTHR-01         0.22056E-05    0.40802E-05    0.20154E-12    
0.49395E-07 
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR WATER                         U-1 
  RATE OF CONSUMPTION                    3.6843+04  LB/HR            
  COST                                      0.3611  $/HR             
 
 BLOCK:  H-101    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-105    
   OUTLET STREAM:         S-106    
   OUTLET HEAT STREAM:    HEATSTRE 
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
 
     
*********************************************************************** 
     *                                                                     
* 
     *     ERRORS IN BLOCK CALCULATIONS                                    
* 
     *                                                                     
* 
     *     BLOCK TEMPERATURES CROSS WITH UTILITY                           
*    
     *                                                                     
* 
     
*********************************************************************** 
 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
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    TOTAL BALANCE 
       MOLE(LBMOL/HR)            17334.8         17334.8         0.00000     
       MASS(LB/HR   )            976497.         976497.         0.00000     
       ENTHALPY(BTU/HR  )      -0.307455E+10   -0.307455E+10     0.00000     
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE CHANGE         F                       292.000       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          
0.000100000 
 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    684.23     
   OUTLET PRESSURE       PSIA                                 285.08     
   HEAT DUTY             BTU/HR                              0.30853E+09 
   OUTLET VAPOR FRACTION                                     0.99991     
   PRESSURE-DROP CORRELATION PARAMETER                        113.81     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.73340        0.13890        0.73345         
5.2803     
      P-XYL-01         0.20433E-04    0.85186E-05    0.20434E-04     
2.3988     
      OXYGEN           0.17343E-02    0.11079E-04    0.17345E-02     
156.56     
      WATER            0.25378        0.26022E-01    0.25380         
9.7533     
      CARBO-01         0.57226E-03    0.19211E-06    0.57232E-03     
2979.1     
      SODIU-01         0.51668E-04    0.55478        0.30683E-11    
0.55307E-11 
      ANTHR-01         0.10442E-01    0.28028        0.10417E-01    
0.37166E-01 
 
                       ***  ASSOCIATED  UTILITIES  *** 
 
  UTILITY ID FOR WATER                         U-1 
  RATE OF CONSUMPTION                    2.9223+05  LB/HR            
  COST                                      2.8638  $/HR             
 
 BLOCK:  GASMIX   MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-111       S-103    
   OUTLET STREAM:         GASIN    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3700.68         3700.68         0.00000     
       MASS(LB/HR   )            122820.         122820.         0.00000     
       ENTHALPY(BTU/HR  )      -0.617801E+08   -0.617801E+08    0.743687E-
09 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE   PSIA                                 261.068       
 
 BLOCK:  F-301    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S-307    
   OUTLET VAPOR STREAM:   S-309-1  
   OUTLET LIQUID STREAM:  S-310    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            40.6258         40.6258         0.00000     
       MASS(LB/HR   )            2603.83         2603.83        0.174646E-
15 
       ENTHALPY(BTU/HR  )      -0.763969E+07   -0.725982E+07   -0.497237E-
01 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 280.000       
   SPECIFIED PRESSURE    PSIA                               20.0000      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    280.00     
   OUTLET PRESSURE       PSIA                                 20.000     
   HEAT DUTY             BTU/HR                              0.37987E+06 
   VAPOR FRACTION                                            0.86759     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.95501        0.75514        0.98552         
1.3051     
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      P-XYL-01         0.56438E-05    0.72989E-05    0.53912E-05    
0.73863     
      WATER            0.13261E-01    0.58597E-02    0.14391E-01     
2.4558     
      SODIU-01         0.34065E-03    0.25726E-02    0.33773E-21    
0.13128E-18 
      SODIU-02         0.34065E-03    0.25726E-02    0.33773E-21    
0.13128E-18 
      ANTHR-01         0.31040E-01    0.23385        0.87787E-04    
0.37541E-03 
 
 BLOCK:  DUMMY    MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          REACTOUT 
   OUTLET VAPOR STREAM:   S-107    
   OUTLET LIQUID STREAM:  S-113    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10955.9         10955.9         0.00000     
       MASS(LB/HR   )            590332.         590332.       -0.321500E-
11 
       ENTHALPY(BTU/HR  )      -0.169027E+10   -0.170581E+10    0.910880E-
02 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 392.000       
   SPECIFIED PRESSURE    PSIA                              261.068       
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    392.00     
   OUTLET PRESSURE       PSIA                                 261.07     
   HEAT DUTY             BTU/HR                             -0.15538E+08 
   VAPOR FRACTION                                            0.36178     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.60060        0.75536        0.32758        
0.43367     
      P-XYL-01         0.17968E-04    0.21137E-04    0.12379E-04    
0.58565     
      OXYGEN           0.13184        0.18243E-02    0.36119         
197.99     
  Cao, Chang, Kaufman 
143 
 
      WATER            0.22555        0.23712        0.20514        
0.86513     
      CARBO-01         0.38755E-01    0.59045E-03    0.10608         
179.66     
      SODIU-01         0.34871E-04    0.54638E-04    0.10158E-20    
0.18591E-16 
      SODIU-02         0.34871E-04    0.54638E-04    0.10158E-20    
0.18591E-16 
      ANTHR-01         0.31758E-02    0.49748E-02    0.22056E-05    
0.44336E-03 
 
 BLOCK:  D-302    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-304    STAGE   4 
    OUTLETS  - S-305    STAGE   1 
               S-306    STAGE   9 
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1212.52         1212.52         0.00000     
       MASS(LB/HR   )            75283.2         75283.2        0.702082E-
09 
       ENTHALPY(BTU/HR  )      -0.225479E+09   -0.228655E+09    0.138891E-
01 
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                         9 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       0.60000     
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    MOLAR DISTILLATE RATE          LBMOL/HR                400.000       
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   20.0000      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-305        S-306    
    COMPONENT: 
    ACETI-01    .32909       .67091     
    P-XYL-01    .15366       .84634     
    WATER       .64261       .35739     
    SODIU-01    0.0000       1.0000     
    SODIU-02    0.0000       1.0000     
    ANTHR-01    .31304E-10   1.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       260.497       
    BOTTOM STAGE TEMPERATURE       F                       264.293       
    TOP STAGE LIQUID FLOW          LBMOL/HR                240.000       
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                812.515       
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR                345.622       
    MOLAR REFLUX RATIO                                       0.60000     
    MOLAR BOILUP RATIO                                       0.42537     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR           -6,813,160.          
    REBOILER DUTY                  BTU/HR            3,637,310.          
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    BUBBLE POINT                    0.13177E-05  STAGE=  1 
    COMPONENT MASS BALANCE          0.11721E-05  STAGE=  3 COMP=ANTHR-01 
    ENERGY BALANCE                  0.12863E-05  STAGE=  1 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
  Cao, Chang, Kaufman 
145 
 
   1   260.50        20.000      -0.18965E+06 -0.17597E+06  -.68132+07 
   2   261.61        20.000      -0.19124E+06 -0.17901E+06             
   3   261.85        20.000      -0.19157E+06 -0.17967E+06             
   4   263.30        20.000      -0.18875E+06 -0.17977E+06             
   5   263.32        20.000      -0.18878E+06 -0.17982E+06             
   7   263.40        20.000      -0.18889E+06 -0.18005E+06             
   8   263.50        20.000      -0.18903E+06 -0.18033E+06             
   9   264.29        20.000      -0.18805E+06 -0.18082E+06   .36373+07 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    
VAPOR 
   1  640.0      0.000                                      400.0000           
   2  243.5      640.0                                                         
   3  242.5      643.5                 299.4887                                
   4  1156.      343.0       913.0265                                          
   5  1156.      343.0                                                         
   7  1157.      343.7                                                         
   8  1158.      344.5                                                         
   9  812.5      345.6                                      812.5153           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    
VAPOR 
   1 0.3713E+05  0.000                                     .23207+05           
   2 0.1435E+05 0.3713E+05                                                     
   3 0.1434E+05 0.3756E+05            .17502+05                                
   4 0.7213E+05 0.2004E+05  .57782+05                                          
   5 0.7216E+05 0.2005E+05                                                     
   7 0.7231E+05 0.2013E+05                                                     
   8 0.7247E+05 0.2023E+05                                                     
   9 0.5208E+05 0.2039E+05                                 .52077+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      WATER         SODIU-01      
SODIU-02 
      1    0.95156       0.20814E-05   0.48434E-01   0.64283E-61   
0.64283E-61 
      2    0.97335       0.34671E-05   0.26647E-01   0.20984E-41   
0.20984E-41 
      3    0.97796       0.43971E-05   0.22021E-01   0.25428E-22   
0.25428E-22 
      4    0.95710       0.48327E-05   0.20592E-01   0.23952E-03   
0.23952E-03 
      5    0.95740       0.48309E-05   0.20293E-01   0.23947E-03   
0.23947E-03 
      7    0.95900       0.48456E-05   0.18713E-01   0.23922E-03   
0.23922E-03 
      8    0.96091       0.49644E-05   0.16827E-01   0.23899E-03   
0.23899E-03 
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      9    0.95501       0.56438E-05   0.13261E-01   0.34065E-03   
0.34065E-03 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ANTHR-01 
      1    0.19737E-11 
      2    0.89292E-08 
      3    0.15184E-04 
      4    0.21827E-01 
      5    0.21823E-01 
      7    0.21799E-01 
      8    0.21779E-01 
      9    0.31040E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      WATER         SODIU-01      
SODIU-02 
      1    0.91360       0.13297E-05   0.86394E-01   0.18021E-80   
0.18021E-80 
      2    0.95156       0.20814E-05   0.48434E-01   0.64283E-61   
0.64283E-61 
      3    0.95981       0.26057E-05   0.40190E-01   0.79404E-42   
0.79404E-42 
      4    0.96149       0.29149E-05   0.38505E-01   0.84143E-23   
0.84143E-23 
      5    0.96204       0.29114E-05   0.37956E-01   0.84235E-23   
0.84235E-23 
      7    0.96494       0.29075E-05   0.35050E-01   0.84713E-23   
0.84713E-23 
      8    0.96842       0.29632E-05   0.31571E-01   0.85311E-23   
0.85311E-23 
      9    0.97478       0.33672E-05   0.25212E-01   0.12968E-22   
0.12968E-22 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ANTHR-01 
      1    0.42229E-15 
      2    0.19737E-11 
      3    0.33801E-08 
      4    0.50711E-05 
      5    0.50724E-05 
      7    0.50794E-05 
      8    0.50896E-05 
      9    0.74251E-05 
 
                         ****   K-VALUES           **** 
   STAGE     ACETI-01      P-XYL-01      WATER         SODIU-01      
SODIU-02 
      1    0.96011       0.63885        1.7837       0.27889E-19   
0.27889E-19 
      2    0.97762       0.60035        1.8176       0.30544E-19   
0.30544E-19 
      3    0.98144       0.59262        1.8250       0.31149E-19   
0.31149E-19 
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      4     1.0046       0.60317        1.8699       0.35028E-19   
0.35028E-19 
      5     1.0048       0.60267        1.8704       0.35073E-19   
0.35073E-19 
      7     1.0062       0.60002        1.8730       0.35310E-19   
0.35310E-19 
      8     1.0078       0.59689        1.8761       0.35598E-19   
0.35598E-19 
      9     1.0207       0.59663        1.9011       0.37950E-19   
0.37950E-19 
 
                         ****   K-VALUES           **** 
   STAGE     ANTHR-01 
      1    0.21372E-03 
      2    0.22091E-03 
      3    0.22249E-03 
      4    0.23219E-03 
      5    0.23230E-03 
      7    0.23287E-03 
      8    0.23356E-03 
      9    0.23906E-03 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      WATER         SODIU-01      
SODIU-02 
      1    0.98496       0.38089E-05   0.15040E-01   0.64755E-61   
0.64755E-61 
      2    0.99185       0.62459E-05   0.81457E-02   0.20809E-41   
0.20809E-41 
      3    0.99323       0.78950E-05   0.67093E-02   0.25133E-22   
0.25133E-22 
      4    0.92079       0.82197E-05   0.59430E-02   0.22426E-03   
0.22426E-03 
      5    0.92091       0.82150E-05   0.58556E-02   0.22417E-03   
0.22417E-03 
      7    0.92152       0.82318E-05   0.53943E-02   0.22370E-03   
0.22370E-03 
      8    0.92223       0.84233E-05   0.48449E-02   0.22322E-03   
0.22322E-03 
      9    0.89481       0.93488E-05   0.37274E-02   0.31061E-03   
0.31061E-03 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ANTHR-01 
      1    0.70834E-11 
      2    0.31547E-07 
      3    0.53468E-04 
      4    0.72807E-01 
      5    0.72778E-01 
      7    0.72626E-01 
      8    0.72471E-01 
      9    0.10083     
 
                         ****   MASS-Y-PROFILE     **** 
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   STAGE     ACETI-01      P-XYL-01      WATER         SODIU-01      
SODIU-02 
      1    0.97241       0.25020E-05   0.27586E-01   0.18667E-80   
0.18667E-80 
      2    0.98496       0.38089E-05   0.15040E-01   0.64755E-61   
0.64755E-61 
      3    0.98759       0.47401E-05   0.12406E-01   0.79512E-42   
0.79512E-42 
      4    0.98811       0.52960E-05   0.11871E-01   0.84154E-23   
0.84154E-23 
      5    0.98828       0.52875E-05   0.11697E-01   0.84213E-23   
0.84213E-23 
      7    0.98920       0.52693E-05   0.10779E-01   0.84514E-23   
0.84514E-23 
      8    0.99029       0.53569E-05   0.96850E-02   0.84899E-23   
0.84899E-23 
      9    0.99227       0.60598E-05   0.76990E-02   0.12847E-22   
0.12847E-22 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ANTHR-01 
      1    0.15584E-14 
      2    0.70834E-11 
      3    0.12058E-07 
      4    0.18069E-04 
      5    0.18066E-04 
      7    0.18054E-04 
      8    0.18045E-04 
      9    0.26206E-04 
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
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                     TEMPERATURE 
                         F    
 STAGE       LIQUID FROM       VAPOR TO 
    1         260.50            261.61     
    2         261.61            261.85     
    3         261.85            263.48     
    4         263.30            263.32     
    5         263.32            263.35     
    7         263.40            263.50     
    8         263.50            264.29     
    9         264.29            264.29     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
              LB/HR                    CUFT/HR  
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR 
TO 
    1   37131.      37131.      642.41     0.24769E+06  58.017      58.017     
    2   14350.      37557.      247.79     0.24913E+06  58.933      58.363     
    3   14336.      37543.      247.44     0.24929E+06  59.129      58.437     
    4   72130.      20053.      1212.7     0.13307E+06  62.420      58.458     
    5   72158.      20081.      1213.1     0.13317E+06  62.432      58.501     
    7   72309.      20232.      1215.5     0.13368E+06  62.495      58.726     
    8   72466.      20390.      1218.0     0.13426E+06  62.571      58.994     
    9   52077.      0.0000      866.21      0.0000      64.093     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               LB/CUFT                   CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   57.799      0.14991      0.35119      0.10163E-01    18.826     
    2   57.914      0.15075      0.35333      0.10139E-01    17.984     
    3   57.939      0.15060      0.35378      0.10158E-01    17.806     
    4   59.481      0.15069      0.35648      0.10153E-01    18.195     
    5   59.482      0.15079      0.35651      0.10150E-01    18.183     
    7   59.487      0.15134      0.35666      0.10135E-01    18.122     
    8   59.494      0.15187      0.35684      0.10126E-01    18.049     
    9   60.120                   0.35830                     18.100     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          CUFT/HR       (LB-CUFT)**.5/HR 
    1                    0.50927E-01       12631.           95901.     
    2   -.84192          0.19495E-01       12727.           96730.     
    3   -.17832          0.19469E-01       12726.           96742.     
    4   -.46724E-02      0.18105           6706.6           51658.     
    5   -.11633E-01      0.18092           6713.7           51713.     
    7   -.39865E-01      0.18027           6751.5           52006.     
    8   -.73162E-01      0.17956           6791.9           52321.     
    9   0.50814E-01                        0.0000           0.0000     
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                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
 
    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                           8 
    FLOODING CALCULATION METHOD                               GLITSCH  
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         FT                        1.00000     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    SLOT AREA/ACTIVE AREA                                     0.12000     
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 BUBBLE CAPS  
    NUMBER OF PASSES                                              1 
    TRAY SPACING                    FT                        1.50000     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                   3 
    COLUMN DIAMETER                 FT                        4.25357     
    DC AREA/COLUMN AREA                                       0.099999    
    DOWNCOMER VELOCITY              FT/SEC                    0.048369    
    FLOW PATH LENGTH                FT                        2.92242     
    SIDE DOWNCOMER WIDTH            FT                        0.66558     
    SIDE WEIR LENGTH                FT                        3.09069     
    CENTER DOWNCOMER WIDTH          FT                        0.0         
    CENTER WEIR LENGTH              FT                        0.0         
    OFF-CENTER DOWNCOMER WIDTH      FT                        0.0         
    OFF-CENTER SHORT WEIR LENGTH    FT                        0.0         
    OFF-CENTER LONG WEIR LENGTH     FT                        0.0         
    TRAY CENTER TO OCDC CENTER      FT                        0.0         
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                  FT            SQFT         SQFT           SQFT     
          2       4.2535        14.210       11.368        1.4210     
          3       4.2536        14.210       11.368        1.4210     
          4       3.3011        8.5587       6.8470       0.85587     
          5       3.3026        8.5665       6.8532       0.85665     
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          6       3.3054        8.5811       6.8649       0.85811     
          7       3.3106        8.6080       6.8864       0.86080     
          8       3.3192        8.6530       6.9224       0.86529     
 
 BLOCK:  D-301    MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-207    STAGE  16 
               S-202    STAGE  16 
    OUTLETS  - S-301    STAGE   1 
               S-302    STAGE   1 
               B4P302   STAGE  25 
               S-303    STAGE  24 
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
 
     
*********************************************************************** 
     *                                                                     
* 
     *     FEED PRESSURE IS LOWER THAN STAGE PRESSURE.                     
*    
     *                                                                     
* 
     
*********************************************************************** 
 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6568.35         6568.35       -0.193853E-
14 
       MASS(LB/HR   )            333164.         333164.       -0.174712E-
15 
       ENTHALPY(BTU/HR  )      -0.112376E+10   -0.113844E+10    0.128954E-
01 
 
 
 
                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        25 
    ALGORITHM OPTION                                      STANDARD     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
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    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR REFLUX RATIO                                       5.60000     
    MOLAR DISTILLATE RATE          LBMOL/HR              1,355.83        
    CONDENSER TEMPERATURE          F                       100.000       
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   95.0000      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-301        S-302        B4P302       S-303    
    COMPONENT: 
    ACETI-01    .11716E-07   .15966E-03   .23309       .76675     
    P-XYL-01    .44300       .43947       .39026E-01   .78508E-01 
    OXYGEN      .98939       .10608E-01   0.0000       0.0000     
    WATER       .10029E-03   .85906       .19354E-01   .12148     
    CARBO-01    .79996       .20004       0.0000       0.0000     
    SODIU-01    0.0000       0.0000       .81143       .18857     
    SODIU-02    0.0000       0.0000       .81143       .18857     
    ANTHR-01    0.0000       0.0000       .80962       .19038     
    AIR         .60838       .39162       0.0000       0.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       100.000       
    BOTTOM STAGE TEMPERATURE       F                       379.584       
    TOP STAGE LIQUID FLOW          LBMOL/HR              7,592.67        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              1,212.52        
    TOP STAGE VAPOR FLOW           LBMOL/HR                 15.6337      
    BOILUP VAPOR FLOW              LBMOL/HR             16,000.0         
    MOLAR REFLUX RATIO                                       5.60000     
    MOLAR BOILUP RATIO                                      13.1957      
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.182859+09 
    REBOILER DUTY                  BTU/HR                    0.168179+09 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    BUBBLE POINT                    0.68501E-07  STAGE=  1 
    COMPONENT MASS BALANCE          0.11888E-09  STAGE= 15 COMP=OXYGEN   
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    ENERGY BALANCE                  0.58768E-07  STAGE= 17 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   100.00        95.000      -0.12247E+06  -34426.      -.18286+09 
   2   324.24        95.150      -0.11815E+06 -0.10188E+06             
  14   342.33        96.950      -0.14849E+06 -0.12306E+06             
  15   348.34        97.100      -0.15727E+06 -0.13129E+06             
  16   353.42        97.250      -0.16349E+06 -0.13831E+06             
  17   355.09        97.400      -0.16547E+06 -0.14062E+06             
  22   370.45        98.150      -0.18206E+06 -0.16432E+06             
  23   373.50        98.300      -0.18490E+06 -0.16938E+06             
  24   375.98        98.450      -0.18708E+06 -0.17353E+06             
  25   379.58        98.600      -0.18595E+06 -0.17665E+06   .16818+09 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    
VAPOR 
   1  8933.      15.63                                     1340.2002   
15.6337 
   2  9649.      8949.                                                         
  14 0.1141E+05 0.1222E+05                                                     
  15 0.1203E+05 0.1276E+05            1536.2730                                
  16 0.1788E+05 0.1184E+05  5032.0762                                          
  17 0.1812E+05 0.1267E+05                                                     
  22 0.2042E+05 0.1469E+05                                                     
  23 0.2089E+05 0.1521E+05                                                     
  24 0.2121E+05 0.1568E+05                                 4000.0000           
  25  1213.     0.1600E+05                                 1212.5153           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    
VAPOR 
   1 0.1614E+06  538.5                                     .24208+05  
538.5475 
   2 0.1743E+06 0.1619E+06                                                     
  14 0.4055E+06 0.3584E+06                                                     
  15 0.4885E+06 0.4302E+06            .70184+05                                
  16 0.7979E+06 0.4430E+06  .26298+06                                          
  17 0.8293E+06 0.4895E+06                                                     
  22 0.1131E+07 0.7541E+06                                                     
  23 0.1191E+07 0.8224E+06                                                     
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  24 0.1236E+07 0.8825E+06                                 .23313+06           
  25 0.7528E+05 0.9279E+06                                 .75283+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      OXYGEN        WATER         
CARBO-01 
      1    0.59112E-03   0.45527E-04   0.94892E-04   0.99847       
0.57917E-03 
      2    0.11412E-02   0.77507E-07   0.11866E-06   0.99886       
0.62589E-06 
     14    0.41717       0.18415E-05   0.71404E-06   0.58282       
0.64203E-06 
     15    0.53776       0.38151E-05   0.10075E-05   0.46223       
0.71958E-06 
     16    0.62505       0.58765E-05   0.46499E-08   0.37316       
0.76013E-08 
     17    0.65233       0.40676E-05   0.96510E-11   0.34591       
0.28180E-10 
     22    0.88153       0.17978E-05   0.15144E-23   0.11691       
0.25577E-22 
     23    0.92086       0.20223E-05   0.53445E-26   0.77611E-01   
0.10144E-24 
     24    0.95117       0.27250E-05    0.0000       0.47308E-01   
0.37876E-27 
     25    0.95387       0.44686E-05   0.10000E-32   0.24864E-01   
0.35677E-25 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     SODIU-01      SODIU-02      ANTHR-01      AIR      
      1    0.14761E-42   0.14761E-42   0.22949E-27   0.21654E-03 
      2    0.11615E-42   0.11615E-42   0.89760E-24   0.10278E-05 
     14    0.33936E-39   0.33936E-39   0.43710E-09   0.23025E-06 
     15    0.88807E-22   0.88807E-22   0.86980E-06   0.21821E-06 
     16    0.19076E-04   0.19076E-04   0.17427E-02   0.23311E-06 
     17    0.18823E-04   0.18823E-04   0.17197E-02   0.12195E-08 
     22    0.16701E-04   0.16701E-04   0.15261E-02   0.40260E-20 
     23    0.16329E-04   0.16329E-04   0.14922E-02   0.19518E-22 
     24    0.16080E-04   0.16080E-04   0.14826E-02   0.93532E-25 
     25    0.22827E-03   0.22827E-03   0.20800E-01    0.0000     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      OXYGEN        WATER         
CARBO-01 
      1    0.37186E-05   0.39341E-02   0.75869       0.99923E-02   0.19854     
      2    0.59010E-03   0.52321E-04   0.14202E-02   0.99675       
0.92503E-03 
     14    0.26845       0.10739E-04   0.98130E-03   0.73018       
0.31796E-03 
     15    0.37291       0.11247E-04   0.94006E-03   0.62577       
0.30463E-03 
     16    0.46119       0.11389E-04   0.33953E-05   0.53873       
0.29593E-05 
     17    0.49061       0.70063E-05   0.65631E-08   0.50938       
0.10729E-07 
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     22    0.79282       0.13443E-05   0.61949E-21   0.20718       
0.87112E-20 
     23    0.85744       0.13411E-05   0.20286E-23   0.14255       
0.34331E-22 
     24    0.91058       0.16537E-05    0.0000       0.89422E-01   
0.12787E-24 
     25    0.95097       0.25929E-05   0.34488E-30   0.49009E-01   
0.12259E-22 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     SODIU-01      SODIU-02      ANTHR-01      AIR      
      1    0.36392E-69   0.36392E-69   0.22504E-34   0.28837E-01 
      2    0.80860E-61   0.80860E-61   0.22909E-27   0.26654E-03 
     14    0.78363E-57   0.78363E-57   0.17049E-12   0.60845E-04 
     15    0.30310E-39   0.30310E-39   0.39066E-09   0.58274E-04 
     16    0.90158E-22   0.90158E-22   0.88024E-06   0.62784E-04 
     17    0.98792E-22   0.98792E-22   0.90146E-06   0.32902E-06 
     22    0.22738E-21   0.22738E-21   0.11259E-05   0.11103E-17 
     23    0.26758E-21   0.26758E-21   0.11765E-05   0.54056E-20 
     24    0.30596E-21   0.30596E-21   0.12330E-05   0.25985E-22 
     25    0.53885E-20   0.53885E-20   0.18691E-04    0.0000     
 
                         ****   K-VALUES           **** 
   STAGE     ACETI-01      P-XYL-01      OXYGEN        WATER         
CARBO-01 
      1    0.62908E-02    86.413        7995.3       0.10008E-01    342.81     
      2    0.51710        675.04        11969.       0.99789        1477.9     
     14    0.64350        5.8315        1374.3        1.2528        495.24     
     15    0.69346        2.9479        933.02        1.3538        423.34     
     16    0.73784        1.9381        730.19        1.4437        389.32     
     17    0.75209        1.7225        680.05        1.4726        380.73     
     22    0.89937       0.74775        409.06        1.7721        340.58     
     23    0.93113       0.66315        379.56        1.8368        338.42     
     24    0.95732       0.60688        358.90        1.8902        337.61     
     25    0.99695       0.58024        344.88        1.9711        343.61     
 
                         ****   K-VALUES           **** 
   STAGE     SODIU-01      SODIU-02      ANTHR-01      AIR      
      1    0.28249E-27   0.28249E-27   0.98062E-07    133.17     
      2    0.69617E-18   0.69617E-18   0.25522E-03    259.34     
     14    0.23091E-17   0.23091E-17   0.39004E-03    264.25     
     15    0.34130E-17   0.34130E-17   0.44914E-03    267.05     
     16    0.47263E-17   0.47263E-17   0.50510E-03    269.34     
     17    0.52484E-17   0.52484E-17   0.52420E-03    269.81     
     22    0.13615E-16   0.13615E-16   0.73778E-03    275.79     
     23    0.16387E-16   0.16387E-16   0.78844E-03    276.96     
     24    0.19027E-16   0.19027E-16   0.83165E-03    277.82     
     25    0.23606E-16   0.23606E-16   0.89862E-03    279.26     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      OXYGEN        WATER         
CARBO-01 
      1    0.19653E-02   0.26759E-03   0.16810E-03   0.99584       
0.14111E-02 
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      2    0.37938E-02   0.45555E-06   0.21021E-06   0.99620       
0.15249E-05 
     14    0.70466       0.54993E-05   0.64267E-06   0.29533       
0.79476E-06 
     15    0.79499       0.99710E-05   0.79367E-06   0.20500       
0.77959E-06 
     16    0.84116       0.13981E-04   0.33343E-08   0.15065       
0.74966E-08 
     17    0.85596       0.94359E-05   0.67477E-11   0.13616       
0.27098E-10 
     22    0.95618       0.34474E-05   0.87528E-24   0.38043E-01   
0.20332E-22 
     23    0.96999       0.37659E-05   0.29997E-26   0.24525E-01   
0.78309E-25 
     24    0.98004       0.49638E-05    0.0000       0.14623E-01   
0.28600E-27 
     25    0.92260       0.76411E-05   0.51537E-33   0.72145E-02   
0.25289E-25 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     SODIU-01      SODIU-02      ANTHR-01      AIR      
      1    0.47760E-42   0.47760E-42   0.26453E-26   0.34706E-03 
      2    0.37580E-42   0.37580E-42   0.10346E-22   0.16472E-05 
     14    0.55786E-39   0.55786E-39   0.25599E-08   0.18750E-06 
     15    0.12777E-21   0.12777E-21   0.44582E-05   0.15552E-06 
     16    0.24983E-04   0.24983E-04   0.81313E-02   0.15123E-06 
     17    0.24037E-04   0.24037E-04   0.78236E-02   0.77140E-09 
     22    0.17629E-04   0.17629E-04   0.57391E-02   0.21053E-20 
     23    0.16739E-04   0.16739E-04   0.54495E-02   0.99113E-23 
     24    0.16124E-04   0.16124E-04   0.52964E-02   0.46460E-25 
     25    0.21487E-03   0.21487E-03   0.69752E-01    0.0000     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     ACETI-01      P-XYL-01      OXYGEN        WATER         
CARBO-01 
      1    0.64827E-05   0.12125E-01   0.70475       0.52257E-02   0.25365     
      2    0.19588E-02   0.30704E-03   0.25120E-02   0.99255       
0.22502E-02 
     14    0.54977       0.38881E-04   0.10708E-02   0.44859       
0.47719E-03 
     15    0.66424       0.35416E-04   0.89223E-03   0.33438       
0.39765E-03 
     16    0.74044       0.32327E-04   0.29046E-05   0.25947       
0.34819E-05 
     17    0.76249       0.19251E-04   0.54351E-08   0.23749       
0.12220E-07 
     22    0.92730       0.27797E-05   0.38608E-21   0.72693E-01   
0.74669E-20 
     23    0.95249       0.26337E-05   0.12007E-23   0.47505E-01   
0.27948E-22 
     24    0.97138       0.31189E-05    0.0000       0.28617E-01   
0.99971E-25 
     25    0.98470       0.47465E-05   0.19029E-30   0.15224E-01   
0.93028E-23 
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                         ****   MASS-Y-PROFILE     **** 
   STAGE     SODIU-01      SODIU-02      ANTHR-01      AIR      
      1    0.61741E-69   0.61741E-69   0.13602E-33   0.24236E-01 
      2    0.26121E-60   0.26121E-60   0.26365E-26   0.42653E-03 
     14    0.15618E-56   0.15618E-56   0.12105E-11   0.60071E-04 
     15    0.52540E-39   0.52540E-39   0.24126E-08   0.50041E-04 
     16    0.14087E-21   0.14087E-21   0.48998E-05   0.48595E-04 
     17    0.14942E-21   0.14942E-21   0.48575E-05   0.24651E-06 
     22    0.25882E-21   0.25882E-21   0.45657E-05   0.62608E-18 
     23    0.28927E-21   0.28927E-21   0.45311E-05   0.28949E-20 
     24    0.31764E-21   0.31764E-21   0.45605E-05   0.13364E-22 
     25    0.54300E-20   0.54300E-20   0.67104E-04    0.0000     
 
 
 
 
                    ******************************** 
                    ***** HYDRAULIC PARAMETERS ***** 
                    ******************************** 
 
 
       *** DEFINITIONS *** 
 
        MARANGONI INDEX = SIGMA - SIGMATO 
        FLOW PARAM = (ML/MV)*SQRT(RHOV/RHOL) 
        QR = QV*SQRT(RHOV/(RHOL-RHOV)) 
        F FACTOR = QV*SQRT(RHOV) 
          WHERE: 
          SIGMA IS THE SURFACE TENSION OF LIQUID FROM THE STAGE 
          SIGMATO IS THE SURFACE TENSION OF LIQUID TO THE STAGE 
          ML IS THE MASS FLOW OF LIQUID FROM THE STAGE 
          MV IS THE MASS FLOW OF VAPOR TO THE STAGE 
          RHOL IS THE MASS DENSITY OF LIQUID FROM THE STAGE 
          RHOV IS THE MASS DENSITY OF VAPOR TO THE STAGE 
          QV IS THE VOLUMETRIC FLOW RATE OF VAPOR TO THE STAGE 
 
 
                     TEMPERATURE 
                         F    
 STAGE       LIQUID FROM       VAPOR TO 
    1         100.00            324.24     
    2         324.24            324.47     
   14         342.33            348.34     
   15         348.34            354.62     
   16         353.42            355.09     
   17         355.09            357.31     
   22         370.45            373.50     
   23         373.50            375.98     
   24         375.98            379.58     
   25         379.58            379.58     
 
 
             MASS FLOW                VOLUME FLOW         MOLECULAR WEIGHT 
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              LB/HR                    CUFT/HR  
 STAGE LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR TO   LIQUID FROM  VAPOR 
TO 
    1  0.16135E+06 0.16189E+06  2633.2     0.79116E+06  18.063      18.092     
    2  0.17430E+06 0.19905E+06  3290.8     0.97175E+06  18.063      18.087     
   14  0.40550E+06 0.43024E+06  8057.2     0.11396E+07  35.552      33.714     
   15  0.48848E+06 0.51323E+06  9676.4     0.12042E+07  40.622      38.355     
   16  0.79794E+06 0.48952E+06  15700.     0.11373E+07  44.624      38.640     
   17  0.82934E+06 0.52093E+06  16302.     0.11602E+07  45.767      40.355     
   22  0.11308E+07 0.82236E+06  22023.     0.13836E+07  55.364      54.060     
   23  0.11909E+07 0.88251E+06  23163.     0.14280E+07  57.011      56.294     
   24  0.12363E+07 0.92792E+06  24023.     0.14615E+07  58.284      57.995     
   25   75283.      0.0000      1418.8      0.0000      62.088     
 
 
               DENSITY                  VISCOSITY         SURFACE TENSION 
               LB/CUFT                   CP                  DYNE/CM  
 STAGE LIQUID FROM  VAPOR TO     LIQUID FROM  VAPOR TO      LIQUID FROM 
    1   61.276      0.20463      0.69803      0.14985E-01    70.187     
    2   52.966      0.20483      0.16527      0.14970E-01    45.709     
   14   50.327      0.37754      0.19129      0.13987E-01    30.764     
   15   50.482      0.42619      0.19895      0.13592E-01    26.547     
   16   50.824      0.43044      0.20465      0.13554E-01    23.485     
   17   50.875      0.44901      0.20623      0.13407E-01    22.539     
   22   51.345      0.59435      0.21880      0.12253E-01    14.739     
   23   51.416      0.61801      0.22068      0.12075E-01    13.424     
   24   51.465      0.63492      0.22203      0.11969E-01    12.415     
   25   53.061                   0.22621                     12.061     
 
 
       MARANGONI INDEX   FLOW PARAM          QR          REDUCED F-FACTOR 
 STAGE    DYNE/CM                          CUFT/HR       (LB-CUFT)**.5/HR 
    1                    0.57595E-01       45796.          0.35789E+06 
    2   -24.479          0.54456E-01       60547.          0.43980E+06 
   14   -4.0694          0.81630E-01       99076.          0.70022E+06 
   15   -4.2171          0.87453E-01      0.11112E+06      0.78615E+06 
   16   -2.2216          0.15001          0.10511E+06      0.74613E+06 
   17   -.94688          0.14957          0.10948E+06      0.77741E+06 
   22   -1.5820          0.14794          0.14973E+06      0.10667E+07 
   23   -1.3147          0.14795          0.15751E+06      0.11226E+07 
   24   -1.0091          0.14799          0.16334E+06      0.11645E+07 
   25   -.35455                            0.0000           0.0000     
 
 
 
 
                 ************************************  
                 ***** TRAY SIZING CALCULATIONS *****  
                 ************************************  
 
 
    ******************* 
    *** SECTION   1 *** 
    ******************* 
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    STARTING STAGE NUMBER                                         2 
    ENDING STAGE NUMBER                                          24 
    FLOODING CALCULATION METHOD                               GLITSCH  
 
    DESIGN PARAMETERS              
    -----------------              
    PEAK CAPACITY FACTOR                                      1.00000     
    SYSTEM FOAMING FACTOR                                     1.00000     
    FLOODING FACTOR                                           0.80000     
    MINIMUM COLUMN DIAMETER         FT                        1.00000     
    MINIMUM DC AREA/COLUMN AREA                               0.100000    
    SLOT AREA/ACTIVE AREA                                     0.12000     
 
    TRAY SPECIFICATIONS         
    -------------------         
    TRAY TYPE                                                 BUBBLE CAPS  
    NUMBER OF PASSES                                              1 
    TRAY SPACING                    FT                        1.50000     
 
 
            ***** SIZING RESULTS @ STAGE WITH MAXIMUM DIAMETER ***** 
 
    STAGE WITH MAXIMUM DIAMETER                                  24 
    COLUMN DIAMETER                 FT                       20.4034      
    DC AREA/COLUMN AREA                                       0.099999    
    DOWNCOMER VELOCITY              FT/SEC                    0.20410     
    FLOW PATH LENGTH                FT                       14.0181      
    SIDE DOWNCOMER WIDTH            FT                        3.19261     
    SIDE WEIR LENGTH                FT                       14.8253      
    CENTER DOWNCOMER WIDTH          FT                        0.0         
    CENTER WEIR LENGTH              FT                        0.0         
    OFF-CENTER DOWNCOMER WIDTH      FT                        0.0         
    OFF-CENTER SHORT WEIR LENGTH    FT                        0.0         
    OFF-CENTER LONG WEIR LENGTH     FT                        0.0         
    TRAY CENTER TO OCDC CENTER      FT                        0.0         
 
 
                          **** SIZING PROFILES **** 
 
       STAGE    DIAMETER      TOTAL AREA   ACTIVE AREA   SIDE DC AREA 
                  FT            SQFT         SQFT           SQFT     
          2       9.7260        74.294       59.436        7.4294     
          3       9.7329        74.401       59.520        7.4400     
          4       9.7452        74.588       59.670        7.4588     
          5       9.7675        74.929       59.944        7.4929     
          6       9.8066        75.531       60.425        7.5530     
          7       9.8734        76.563       61.250        7.6563     
          8       9.9850        78.304       62.643        7.8304     
          9       10.167        81.185       64.948        8.1185     
         10       10.454        85.841       68.673        8.5840     
         11       10.889        93.123       74.498        9.3122     
         12       11.507        104.00       83.197        10.400     
         13       12.321        119.24       95.389        11.923     
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         14       13.297        138.87       111.10        13.887     
         15       14.347        161.66       129.33        16.166     
         16       15.422        186.79       149.43        18.679     
         17       15.812        196.36       157.09        19.636     
         18       16.334        209.54       167.63        20.953     
         19       16.986        226.60       181.28        22.660     
         20       17.737        247.09       197.67        24.709     
         21       18.525        269.52       215.61        26.952     
         22       19.273        291.75       233.40        29.175     
         23       19.921        311.69       249.35        31.169     
         24       20.403        326.96       261.57        32.696     
 
 BLOCK:  C-201    MODEL: SEP              
 --------------------------- 
   INLET STREAM:          S-203    
   OUTLET STREAMS:        S-204       S-205    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5613.11         5613.11         0.00000     
       MASS(LB/HR   )            368473.         368473.        0.157970E-
15 
       ENTHALPY(BTU/HR  )      -0.109566E+10   -0.109566E+10   -0.242115E-
05 
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S-204    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S-205    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-205     CPT= ACETI-01  FRACTION=          0.95000     
                              P-XYL-01                     0.95000     
                              OXYGEN                       1.00000     
                              TEREP-01                     0.0         
                              WATER                        0.95000     
                              P-TOL-01                     0.0         
                              4-CAR-01                     0.0         
                              CARBO-01                     1.00000     
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                              SODIU-01                     0.95000     
                              SODIU-02                     0.95000     
                              ANTHR-01                     0.95000     
                              AIR                          1.00000     
     SUBSTREAM= CISOLID  
       STREAM= S-205     CPT= TEREP-01  FRACTION=          0.0         
                              P-TOL-01                     0.0         
                              4-CAR-01                     0.0         
                              ANTHR-01                     0.0         
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             BTU/HR                               2652.8     
 
  COMPONENT = ACETI-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      MIXED                 0.050000    
    S-205      MIXED                 0.95000     
 
  COMPONENT = P-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      MIXED                 0.050000    
    S-205      MIXED                 0.95000     
 
  COMPONENT = OXYGEN   
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-205      MIXED                 1.00000     
 
  COMPONENT = TEREP-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      CISOLID               1.00000     
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      MIXED                 0.050000    
    S-205      MIXED                 0.95000     
 
  COMPONENT = P-TOL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      CISOLID               1.00000     
 
  COMPONENT = 4-CAR-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      CISOLID               1.00000     
 
  COMPONENT = CARBO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-205      MIXED                 1.00000     
 
  COMPONENT = SODIU-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      MIXED                 0.050000    
    S-205      MIXED                 0.95000     
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  COMPONENT = SODIU-02 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      MIXED                 0.050000    
    S-205      MIXED                 0.95000     
 
  COMPONENT = ANTHR-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-204      MIXED                 0.050000    
    S-204      CISOLID               1.00000     
    S-205      MIXED                 0.95000     
 
 BLOCK:  BOTSPLIT MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-306    
   OUTLET STREAMS:        S-307       S-308    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            812.515         812.515         0.00000     
       MASS(LB/HR   )            52076.6         52076.6         0.00000     
       ENTHALPY(BTU/HR  )      -0.152794E+09   -0.152794E+09     0.00000     
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=S-307    FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= S-307          SPLIT=          0.050000    KEY=  0    STREAM-
ORDER=   1 
          S-308                          0.95000           0                    
2 
 
 BLOCK:  B12      MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         SOLVENT     ILCAT    
   OUTLET STREAM:         S-102    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            9.91633         9.91633         0.00000     
       MASS(LB/HR   )            595.399         595.399       -0.190942E-
15 
       ENTHALPY(BTU/HR  )      -0.194214E+07   -0.194214E+07   -0.316613E-
12 
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                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  B11      MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         CO2         OXYGEN   
   OUTLET STREAM:         S-103    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2040.55         2040.55         0.00000     
       MASS(LB/HR   )            65398.7         65398.7         0.00000     
       ENTHALPY(BTU/HR  )      -0.145831E+07   -0.145831E+07    0.251523E-
09 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  B5       MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:          S-309-1  
   OUTLET STREAM:         S-309-2  
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
   COLD SIDE: 
   ---------- 
   INLET STREAM:          1        
   OUTLET STREAM:         2        
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            902.413         902.413         0.00000     
       MASS(LB/HR   )            17718.0         17718.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.112712E+09   -0.112712E+09   -0.267866E-
08 
 
                          ***  INPUT DATA  *** 
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   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED EXCHANGER DUTY       
     SPECIFIED VALUE                BTU/HR              464627.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        PSI                      0.0000 
     COLD SIDE PRESSURE DROP        PSI                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD LIQUID      BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD 2-PHASE     BTU/HR-SQFT-R          149.6937 
     HOT LIQUID    COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT 2-PHASE   COLD VAPOR       BTU/HR-SQFT-R          149.6937 
     HOT VAPOR     COLD VAPOR       BTU/HR-SQFT-R          149.6937 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S-309-1   ----->|                HOT                 |-----> S-309-2  
   T=  2.8000D+02  |                                    |       T=  
1.1117D+02 
   P=  2.0000D+01  |                                    |       P=  
2.0000D+01 
   V=  1.0000D+00  |                                    |       V=  
0.0000D+00 
                   |                                    | 
   2         <-----|                COLD                |<----- 1        
   T=  1.2139D+02  |                                    |       T=  
9.0000D+01 
   P=  2.0000D+01  |                                    |       P=  
2.0000D+01 
   V=  0.0000D+00  |                                    |       V=  
0.0000D+00 
                   -------------------------------------- 
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   DUTY AND AREA: 
     CALCULATED HEAT DUTY           BTU/HR              464627.0000 
     CALCULATED (REQUIRED) AREA     SQFT                    23.7461 
     ACTUAL EXCHANGER AREA          SQFT                    23.7461 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    BTU/HR-SQFT-R          149.6937 
     UA (DIRTY)                     BTU/HR-R              3554.6400 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               F                      130.7100 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 PSI                      0.0000 
     COLDSIDE, TOTAL                PSI                      0.0000 
 
   PRESSURE DROP PARAMETER: 
     HOT SIDE:                                             0.0000     
     COLD SIDE:                                            0.0000     
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                   |                   |                   | 
 S-309-1 |        VAP        |        COND       |        LIQ        | S-
309-2  
 ------> |                   |                   |                   |----
--> 
  280.0  |              279.7|              262.3|                   |  
111.2 
         |                   |                   |                   | 
 2       |        LIQ        |        LIQ        |        LIQ        | 1        
 <------ |                   |                   |                   |<---
--- 
  121.4  |              121.4|               95.9|                   |   
90.0 
         |                   |                   |                   | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              BTU/HR          SQFT        F         BTU/HR-SQFT-R   
BTU/HR-R         
     1        190.955         0.0080     158.4784   149.6937           
1.2049 
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     2     378327.432        15.5699     162.3220   149.6937        
2330.7221 
     3      86108.614         8.1681      70.4242   149.6937        
1222.7130 
 
 BLOCK:  B-101    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-109    
   OUTLET STREAM:         S-111    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1660.13         1660.13         0.00000     
       MASS(LB/HR   )            57421.2         57421.2       -0.253424E-
15 
       ENTHALPY(BTU/HR  )      -0.604982E+08   -0.603218E+08   -0.291601E-
02 
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                  261.068       
    ISENTROPIC EFFICIENCY                                    0.85000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                   69.3323      
    BRAKE      HORSEPOWER REQUIREMENT  HP                   69.3323      
    NET WORK REQUIRED                  HP                   69.3323      
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                   58.9324      
    CALCULATED OUTLET TEMP  F                              119.172       
    ISENTROPIC TEMPERATURE  F                              117.049       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.85000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                      2,032.11        
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.36167     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                41,730.5         
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                39,500.7         
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.36039     
    AV. ISENT. TEMP EXPONENT                                 1.36039     
    AV. ACTUAL VOL. EXPONENT                                 1.45139     
    AV. ACTUAL TEMP EXPONENT                                 1.45139     
 
 BLOCK:  B-201    MODEL: COMPR            
 ----------------------------- 
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   INLET STREAM:          S-201    
   OUTLET STREAM:         S-202    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1617.56         1617.56         0.00000     
       MASS(LB/HR   )            74357.7         74357.7       -0.195702E-
15 
       ENTHALPY(BTU/HR  )      -0.250092E+09   -0.249062E+09   -0.411978E-
02 
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    PRESSURE CHANGE  PSI                                    15.0000      
    ISENTROPIC EFFICIENCY                                    0.85000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                  405.028       
    BRAKE      HORSEPOWER REQUIREMENT  HP                  405.028       
    NET WORK REQUIRED                  HP                  405.028       
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                  344.274       
    CALCULATED OUTLET PRES  PSIA                            50.0000      
    CALCULATED OUTLET TEMP  F                              327.870       
    ISENTROPIC TEMPERATURE  F                              321.961       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.85000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                      9,167.33        
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.14504     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               370,783.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               273,413.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.14258     
    AV. ISENT. TEMP EXPONENT                                 1.14258     
    AV. ACTUAL VOL. EXPONENT                                 1.17083     
    AV. ACTUAL TEMP EXPONENT                                 1.17083     
 
 BLOCK:  B-202    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-2091   
   OUTLET STREAM:         S-2092   
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
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                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2269.04         2269.04         0.00000     
       MASS(LB/HR   )            71886.1         71886.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.448566E+08   -0.427216E+08   -0.475968E-
01 
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    PRESSURE CHANGE  PSI                                    15.0000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                  839.100       
    BRAKE      HORSEPOWER REQUIREMENT  HP                  839.100       
    NET WORK REQUIRED                  HP                  839.100       
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                  604.152       
    CALCULATED OUTLET PRES  PSIA                            40.0000      
    CALCULATED OUTLET TEMP  F                              339.766       
    ISENTROPIC TEMPERATURE  F                              308.138       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     16,640.5         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.32523     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               667,331.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               486,656.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.31988     
    AV. ISENT. TEMP EXPONENT                                 1.31988     
    AV. ACTUAL VOL. EXPONENT                                 1.48863     
    AV. ACTUAL TEMP EXPONENT                                 1.48863     
 
 BLOCK:  B-203    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-213-1  
   OUTLET STREAM:         S-213-2  
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1923.31         1923.31         0.00000     
       MASS(LB/HR   )            56379.0         56379.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.565754E+07   -0.496772E+07   -0.121929     
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                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   50.0000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                  271.110       
    BRAKE      HORSEPOWER REQUIREMENT  HP                  271.110       
    NET WORK REQUIRED                  HP                  271.110       
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                  195.199       
    CALCULATED OUTLET TEMP  F                              155.735       
    ISENTROPIC TEMPERATURE  F                              141.547       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                      6,855.29        
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.39214     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR               291,367.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               254,037.          
    INLET  COMPRESSIBILITY FACTOR                            1.00000     
    OUTLET COMPRESSIBILITY FACTOR                            1.00000     
    AV. ISENT. VOL. EXPONENT                                 1.39093     
    AV. ISENT. TEMP EXPONENT                                 1.39093     
    AV. ACTUAL VOL. EXPONENT                                 1.62755     
    AV. ACTUAL TEMP EXPONENT                                 1.62755     
 
 BLOCK:  B1       MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          LIQINPUM 
   OUTLET STREAM:         LIQUIDIN 
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            7897.03         7897.03         0.00000     
       MASS(LB/HR   )            467542.         467542.         0.00000     
       ENTHALPY(BTU/HR  )      -0.132126E+10   -0.132126E+10    0.113923E-
05 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE CHANGE         F                         0.0         
   SPECIFIED PRESSURE                   PSIA                    261.068       
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          
0.000100000 
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                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    255.40     
   OUTLET PRESSURE       PSIA                                 261.07     
   HEAT DUTY             BTU/HR                              -1505.2     
   OUTLET VAPOR FRACTION                                      0.0000     
   PRESSURE-DROP CORRELATION PARAMETER                      -0.44419E+06 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.78313        0.78313        0.16944        
0.64804E-01 
      P-XYL-01         0.84374E-01    0.84374E-01    0.16525E-01    
0.58662E-01 
      OXYGEN           0.72164E-03    0.72164E-03    0.32046         
133.01     
      WATER            0.12416        0.12416        0.70216E-01    
0.16938     
      CARBO-01         0.37338E-02    0.37338E-02    0.42335         
33.960     
      SODIU-01         0.45468E-04    0.45468E-04    0.20441E-24    
0.13465E-20 
      SODIU-02         0.45468E-04    0.45468E-04    0.20441E-24    
0.13465E-20 
      ANTHR-01         0.37864E-02    0.37864E-02    0.17026E-06    
0.13468E-04 
 
 BLOCK:  B2       MODEL: FLASH2           
 ------------------------------ 
   INLET STREAMS:         S-214       S-204       S-208    
   OUTLET VAPOR STREAM:   S-2091   
   OUTLET LIQUID STREAM:  S-215    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2930.31         2930.31       -0.155187E-
15 
       MASS(LB/HR   )            181486.         181486.         0.00000     
       ENTHALPY(BTU/HR  )      -0.268405E+09   -0.268405E+09   -0.346509E-
08 
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         PSI                                10.0000      
   SPECIFIED HEAT DUTY   BTU/HR                              0.0         
   MAXIMUM NO. ITERATIONS                                   30 
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   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    225.48     
   OUTLET PRESSURE       PSIA                                 25.000     
   VAPOR FRACTION                                            0.99905     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ACETI-01         0.97337E-01    0.23074        0.97210E-01    
0.42129     
      P-XYL-01         0.26615E-05    0.98139E-05    0.26547E-05    
0.27051     
      WATER            0.27489E-01    0.36032E-01    0.27481E-01    
0.76269     
      SODIU-01         0.79045E-05    0.83329E-02    0.92284E-23    
0.11076E-20 
      SODIU-02         0.79045E-05    0.83329E-02    0.92284E-23    
0.11076E-20 
      ANTHR-01         0.71965E-03    0.71542        0.41043E-04    
0.57370E-04 
      AIR              0.87444        0.11268E-02    0.87527         
776.75     
 
 BLOCK:  B4       MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-308       S-305       S-303       S-309-2  
   OUTLET STREAM:         S-311    
   PROPERTY OPTION SET:   NRTL-2    RENON (NRTL) / IDEAL GAS                     
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5207.14         5207.14         0.00000     
       MASS(LB/HR   )            307910.         307910.        0.378083E-
15 
       ENTHALPY(BTU/HR  )      -0.976174E+09   -0.976174E+09    0.699392E-
10 
 
                          ***  INPUT DATA  *** 
   ONE    PHASE      FLASH   SPECIFIED PHASE IS  LIQUID  
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
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12.4.2 Stream (Mixed) 
 
1 2 8 B4P302 B4PURGE CO2 GASIN ILCAT LIQINPUM LIQUIDIN
From B5 V-101 D-301 V-202 GASMIX MIXER B1
To B5 PURGE P-302 PURGE200 B11 R-101 B12 B1 R-101
Substream: ALL
Mass Flow LB/HR 15622.25 15622.25 59197.12 75283.25 59346.27 379.3617 1.23E+05 3.716585 4.68E+05 4.68E+05
Mass Enthalpy BTU/HR -1.06E+08 -1.06E+08 -6.24E+07 -2.25E+08 -5.96E+06 -1.46E+06 -6.18E+07 -9626.849 -1.32E+09 -1.32E+09
Substream: MIXED
Phase: Liquid Liquid Vapor Mixed Vapor Vapor Vapor Liquid Liquid Liquid
Component Mole Flow
    ACETI-01 LBMOL/HR 0 0 2.929823 1156.588 27.67494 0 2.841928 0 6184.432 6184.432
    P-XYL-01 LBMOL/HR 0 0 2.90E-04 5.42E-03 9.05E-04 0 2.81E-04 0 666.3024 666.3024
    OXYGEN LBMOL/HR 0 0 1339.825 1.21E-30 0 0 3331.562 0 5.698782 5.698782
    TEREP-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0
    WATER LBMOL/HR 867.1665 867.1665 3.033473 30.14828 11.59567 0 2.942469 0 980.4911 980.4911
    P-TOL-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LBMOL/HR 0 0 365.6843 4.33E-23 0 8.619938 363.3337 0 29.48576 29.48576
    SODIU-01 LBMOL/HR 0 0 0 0.2767809 0 0 0 0.0317969 0.3590598 0.3590598
    SODIU-02 LBMOL/HR 0 0 0 0.2767809 0 0 0 0.0317969 0.3590598 0.3590598
    ANTHR-01 LBMOL/HR 0 0 3.45E-10 25.2204 2.30E-07 0 3.35E-10 0 29.90114 29.90114
    AIR LBMOL/HR 0 0 0 0 1985.268 0 0 0 3.74E-22 3.74E-22
Component Mass Flow
    ACETI-01 LB/HR 0 0 175.9433 69456.05 1661.951 0 170.665 0 3.71E+05 3.71E+05
    P-XYL-01 LB/HR 0 0 0.0307999 0.5752432 0.0960775 0 0.0298759 0 70739.59 70739.59
    OXYGEN LB/HR 0 0 42872.8 3.88E-29 0 0 1.07E+05 0 182.3542 182.3542
    TEREP-01 LB/HR 0 0 0 0 0 0 0 0 0 0
    WATER LB/HR 15622.25 15622.25 54.64887 543.1297 208.8992 0 53.00941 0 17663.82 17663.82
    P-TOL-01 LB/HR 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LB/HR 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LB/HR 0 0 16093.69 1.90E-21 0 379.3617 15990.24 0 1297.662 1297.662
    SODIU-01 LB/HR 0 0 0 16.17576 0 0 0 1.858293 20.98434 20.98434
    SODIU-02 LB/HR 0 0 0 16.17576 0 0 0 1.858293 20.98434 20.98434
    ANTHR-01 LB/HR 0 0 7.18E-08 5251.139 4.78E-05 0 6.97E-08 0 6225.717 6225.717
    AIR LB/HR 0 0 0 0 57475.32 0 0 0 1.08E-20 1.08E-20
Mole Flow LBMOL/HR 867.1665 867.1665 1711.473 1212.515 2024.54 8.619938 3700.681 0.0635939 7897.03 7897.03
Mass Flow LB/HR 15622.25 15622.25 59197.12 75283.25 59346.27 379.3617 1.23E+05 3.716585 4.68E+05 4.68E+05
Volume Flow CUFT/HR 253.5499 258.026 43021.15 1418.805 3.07E+05 190.158 84618.01 0.0357017 8252.991 8252.991
Temperature F 90 121.3869 104.9999 379.584 104.9994 77 96.59031 77 255.4032 255.4032
Pressure PSIA 20 20 241.0679 98.6 40 261.0679 261.0679 14.69595 14.69595 261.0679
Vapor Fraction 0 0 1 8.21E-08 1 1 1 0 0 0
Liquid Fraction 1 1 0 0.9999999 0 0 0 1 1 1
Solid Fraction 0 0 0 0 0 0 0 0 0 0
Molar Enthalpy BTU/LBMOL -1.23E+05 -1.22E+05 -36441.85 -1.86E+05 -2941.561 -1.69E+05 -16694.25 -1.51E+05 -1.67E+05 -1.67E+05
Mass Enthalpy BTU/LB -6805.582 -6775.84 -1053.586 -2994.91 -100.3485 -3844.118 -503.0134 -2590.24 -2825.966 -2825.97
Mass Density LB/CUFT -38.46071 -37.5189 -4.048216 -53.76667 -2.114507 -5.024747 -4.769061 9.297038 -55.49634 -55.4966
Average Molecular Weight 18.01528 18.01528 34.5884 62.08849 29.31346 44.0098 33.18847 58.44247 59.20481 59.20481
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OXYGEN S-101 S-102 S-103 S-107 S-108 S-109 S-110 S-111 S-112 S-205 S-206
From B12 B11 DUMMY H-102 PURGE PURGE B-101 V-101 C-201 A-201
To B11 MIXER MIXER GASMIX H-102 V-101 B-101 GASMIX MIXER A-201 P-201
Substream: ALL
Mass Flow LB/HR 65019.38 70733 595.3987 65398.74 1.48E+05 1.48E+05 57421.21 1775.914 57421.21 88304.19 2.46E+05 2.59E+05
Mass Enthalpy BTU/HR -3.25E-09 -6.93E+06 -1.94E+06 -2.77E+09 -3.60E+08 -3.99E+08 -6.05E+07 -1.87E+06 -6.03E+07 -2.65E+08 -8.31E+08
Substream: MIXED
Phase: Vapor Liquid Liquid Vapor Vapor Mixed Vapor Vapor Vapor Liquid Mixed Liquid
Component Mole Flow
    ACETI-01 LBMOL/HR 0 0 9.852738 0 1220.287 1220.287 2.841928 0.0878946 2.841928 1217.357 3699.989 3892.887
    P-XYL-01 LBMOL/HR 0 666.2403 0 0 0.0461132 0.0461132 2.81E-04 8.70E-06 2.81E-04 0.0458231 0.0984498 0.1035685
    OXYGEN LBMOL/HR 2031.932 0 0 2031.932 1345.524 1345.524 1299.631 40.19476 1299.631 5.698782 0.0268206 0.0268206
    TEREP-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0
    WATER LBMOL/HR 0 0 0 0 764.1746 764.1746 2.942469 0.0910042 2.942469 761.1411 974.4177 1025.177
    P-TOL-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LBMOL/HR 0 0 0 8.619938 395.1701 395.1701 354.7138 10.97053 354.7138 29.48576 0.025812 0.025812
    SODIU-01 LBMOL/HR 0 0 0.0317969 0 3.78E-18 3.78E-18 0 0 0 0 0.3411019 0.3411019
    SODIU-02 LBMOL/HR 0 0 0.0317969 0 3.78E-18 3.78E-18 0 0 0 0 0.3411019 0.3411019
    ANTHR-01 LBMOL/HR 0 0 0 0 8.22E-03 8.22E-03 3.35E-10 1.03E-11 3.35E-10 8.22E-03 31.05487 31.148
    AIR LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0.7410378
Component Mass Flow
    ACETI-01 LB/HR 0 0 591.6821 0 73281.37 73281.37 170.665 5.2783 170.665 73105.43 2.22E+05 2.34E+05
    P-XYL-01 LB/HR 0 70733 0 0 4.895721 4.895721 0.0298759 9.24E-04 0.0298759 4.864921 10.45217 10.9956
    OXYGEN LB/HR 65019.38 0 0 65019.38 43055.16 43055.16 41586.62 1286.184 41586.62 182.3542 0.8582279 0.8582279
    TEREP-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0 0
    WATER LB/HR 0 0 0 0 13766.82 13766.82 53.00941 1.639466 53.00941 13712.17 17554.41 18468.86
    P-TOL-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LB/HR 0 0 0 379.3617 17391.36 17391.36 15610.88 482.8108 15610.88 1297.662 1.135982 1.135982
    SODIU-01 LB/HR 0 0 1.858293 0 2.21E-16 2.21E-16 0 0 0 0 19.93484 19.93484
    SODIU-02 LB/HR 0 0 1.858293 0 2.21E-16 2.21E-16 0 0 0 0 19.93484 19.93484
    ANTHR-01 LB/HR 0 0 0 0 1.710752 1.710752 6.97E-08 2.15E-09 6.97E-08 1.710752 6465.935 6485.325
    AIR LB/HR 0 0 0 0 0 0 0 0 0 0 0 21.45372
Mole Flow LBMOL/HR 2031.932 666.2403 9.916332 2040.552 3725.21 3725.21 1660.129 51.3442 1660.129 2013.737 4706.295 4950.792
Mass Flow LB/HR 65019.38 70733 595.3987 65398.74 1.48E+05 1.48E+05 57421.21 1775.914 57421.21 88304.19 2.46E+05 2.59E+05
Volume Flow CUFT/HR 44824.92 1315.431 8.800886 45015.08 1.30E+05 44438.29 41730.51 1290.634 39500.7 1417.146 4465.826 4611.731
Temperature F 77 77 77 77 392 105 104.9999 104.9999 119.1718 104.9999 287.9438 280.262
Pressure PSIA 261.0679 14.69595 14.69595 261.0679 261.0679 241.0679 241.0679 241.0679 261.0679 241.0679 35 35
Vapor Fraction 1 0 0 1 1 0.4594299 1 1 1 0 4.58E-05 0
Liquid Fraction 0 1 1 0 0 0.5405701 0 0 0 1 0.9999542 1
Solid Fraction 0 0 0 0 0 0 0 0 0 0 0 0
Molar Enthalpy BTU/LBMOL -1.60E-12 -10400.65 -1.96E+05 -714.6651 -96652.39 -1.07E+05 -36441.85 -36441.85 -36335.59 -1.67E+05 -1.77E+05 -1.77E+05
Mass Enthalpy BTU/LB -5.01E-14 -97.96465 -3261.911 -22.29876 -2440.999 -2704.71 -1053.586 -1053.586 -1050.514 -3811.586 -3373.65 -3380.09
Mass Density LB/CUFT 1.450519 53.77173 67.65214 1.452819 1.131021 3.319239 1.376001 1.376001 1.453676 62.31131 55.14466 56.11913
Average Molecular Weight 31.9988 106.1674 60.04223 32.04954 39.59543 39.59543 34.5884 34.5884 34.5884 43.8509 52.32704 52.27574
  Cao, Chang, Kaufman 
174 
 
 
S-207 S-208 S-210 S-211 S-212 S-213-1 S-213-2 S-214 S-301 S-302 S-303
From P-201 H-201 V-202 PURGE200 PURGE200 B-203 H-202 D-301 D-301 D-301
To D-301 B2 V-202 A-201 B-203 H-202 B2 B4
Substream: ALL
Mass Flow LB/HR 2.59E+05 2895.091 71886.13 12539.86 2967.313 56378.95 56378.95 56384.1 538.5475 24207.89 2.33E+05
Mass Enthalpy BTU/HR -8.75E+08 -8.75E+08 1.20E+05 -4.99E+07 -4.40E+07 -2.98E+05 -5.66E+06 -4.97E+06 -2.24E+08 -5.38E+05 -1.64E+08
Substream: MIXED
Phase: Liquid Vapor Mixed Liquid Vapor Vapor Vapor Vapor Vapor Liquid Liquid
Component Mole Flow
    ACETI-01 LBMOL/HR 3892.887 0 220.573 192.8981 1.383747 26.2912 26.2912 26.33392 5.81E-05 0.7922219 3804.697
    P-XYL-01 LBMOL/HR 0.1035685 0 6.02E-03 5.12E-03 4.52E-05 8.60E-04 8.60E-04 8.63E-04 0.0615049 0.0610153 0.0108999
    OXYGEN LBMOL/HR 0.0268206 0 0 0 0 0 0 0 11.86116 0.1271738 0
    TEREP-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0
    WATER LBMOL/HR 1025.177 0 62.35547 50.75981 0.5797834 11.01589 11.01589 11.14796 0.1562163 1338.153 189.2332
    P-TOL-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LBMOL/HR 0.025812 0 0 0 0 0 0 0 3.103967 0.7762011 1.52E-24
    SODIU-01 LBMOL/HR 0.3411019 0 2.09E-20 0 0 0 0 0 5.69E-69 1.98E-40 0.064321
    SODIU-02 LBMOL/HR 0.3411019 0 2.09E-20 0 0 0 0 0 5.69E-69 1.98E-40 0.064321
    ANTHR-01 LBMOL/HR 31.148 0 0.0931278 0.0931275 1.15E-08 2.18E-07 2.18E-07 2.17E-07 3.52E-34 3.08E-25 5.930456
    AIR LBMOL/HR 0.7410378 100 1986.009 0.7410378 99.26341 1886.005 1886.005 1886.012 0.4508342 0.2902036 3.74E-22
Component Mass Flow
    ACETI-01 LB/HR 2.34E+05 0 13245.98 11584.02 83.09756 1578.854 1578.854 1581.419 3.49E-03 47.57496 2.28E+05
    P-XYL-01 LB/HR 10.9956 0 0.6395075 0.5434299 4.80E-03 0.0912736 0.0912736 0.091638 6.529823 6.477837 1.157221
    OXYGEN LB/HR 0.8582279 0 0 0 0 0 0 0 379.5429 4.069408 0
    TEREP-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0
    WATER LB/HR 18468.86 0 1123.351 914.4521 10.44496 198.4543 198.4543 200.8337 2.814281 24107.21 3409.089
    P-TOL-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LB/HR 1.135982 0 0 0 0 0 0 0 136.605 34.16046 6.67E-23
    SODIU-01 LB/HR 19.93484 0 1.22E-18 0 0 0 0 0 3.33E-67 1.16E-38 3.759078
    SODIU-02 LB/HR 19.93484 0 1.22E-18 0 0 0 0 0 3.33E-67 1.16E-38 3.759078
    ANTHR-01 LB/HR 6485.325 0 19.39014 19.3901 2.39E-06 4.54E-05 4.54E-05 4.53E-05 7.33E-32 6.40E-23 1234.78
    AIR LB/HR 21.45372 2895.091 57496.78 21.45372 2873.766 54601.56 54601.56 54601.75 13.05206 8.401658 1.08E-20
Mole Flow LBMOL/HR 4950.792 100 2269.037 244.4972 101.227 1923.313 1923.313 1923.495 15.63374 1340.2 4000
Mass Flow LB/HR 2.59E+05 2895.091 71886.13 12539.86 2967.313 56378.95 56378.95 56384.1 538.5475 24207.89 2.33E+05
Volume Flow CUFT/HR 4615.765 21759.31 3.07E+05 196.748 15335.12 2.91E+05 2.54E+05 4.19E+05 988.3891 395.0623 4529.964
Temperature F 281.2243 250 105 104.9994 104.9994 104.9994 155.7345 250 100 100 375.9845
Pressure PSIA 115 35 40 40 40 40 50 35 95 95 98.45
Vapor Fraction 0 1 0.8922459 0 1 1 1 1 1 0 0
Liquid Fraction 1 0 0.1077541 1 0 0 0 0 0 1 1
Solid Fraction 0 0 0 0 0 0 0 0 0 0 0
Molar Enthalpy BTU/LBMOL -1.77E+05 1201.3 -22003.64 -1.80E+05 -2941.561 -2941.561 -2582.898 -1913.042 -34425.62 -1.22E+05 -1.87E+05
Mass Enthalpy BTU/LB -3379.727 41.49436 -694.5299 -3506.558 -100.3485 -100.3485 -88.11304 -65.26176 -999.357 -6780.041 -3209.744
Mass Density LB/CUFT 56.07008 0.1330507 0.2342336 63.73565 0.1934979 0.1934979 0.2219319 0.1347169 0.544874 61.27613 51.46494
Average Molecular Weight 52.27574 28.95091 31.68134 51.28838 29.31346 29.31346 29.31346 29.31337 34.44777 18.06289 58.28358
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S-304 S-305 S-306 S-307 S-308 S-309-1 S-309-2 S-310 S-311 S-2091 S-2092 SOLVENT
From P-302 D-302 D-302 BOTSPLIT BOTSPLIT F-301 B5 F-301 B4 B2 B-202
To D-302 B4 BOTSPLIT F-301 B4 B5 B4 P-104 B-202 H-201 B12
Substream: ALL
Mass Flow LB/HR 75283.25 23206.65 52076.6 2603.83 49472.77 2095.786 2095.786 508.0442 3.08E+05 71886.13 71886.13 591.6821
Mass Enthalpy BTU/HR -7.48E+08 -2.25E+08 -7.59E+07 -1.53E+08 -7.64E+06 -1.45E+08 -6.39E+06 -6.86E+06 -9.76E+08 -4.49E+07 -4.27E+07
Substream: MIXED
Phase: Liquid Liquid Mixed Mixed Mixed Vapor Liquid Liquid Liquid Vapor Vapor Liquid
Component Mole Flow
    ACETI-01 LBMOL/HR 1156.588 380.6256 775.9621 38.7981 737.164 34.73596 34.73596 4.062139 4957.222 220.573 220.573 9.852738
    P-XYL-01 LBMOL/HR 5.42E-03 8.33E-04 4.59E-03 2.29E-04 4.36E-03 1.90E-04 1.90E-04 3.93E-05 0.016279 6.02E-03 6.02E-03 0
    OXYGEN LBMOL/HR 1.21E-30 0 0 0 0 0 0 0 0 0 0 0
    TEREP-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0
    WATER LBMOL/HR 30.14828 19.37357 10.77472 0.538736 10.23598 0.507215 0.507215 0.031521 219.35 62.35547 62.35547 0
    P-TOL-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LBMOL/HR 0 0 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LBMOL/HR 4.33E-23 0 0 0 0 0 0 0 1.52E-24 0 0 0
    SODIU-01 LBMOL/HR 0.276781 2.57E-59 0.276781 0.013839 0.262942 1.19E-20 1.19E-20 0.013839 0.327263 2.09E-20 2.09E-20 0
    SODIU-02 LBMOL/HR 0.276781 2.57E-59 0.276781 0.013839 0.262942 1.19E-20 1.19E-20 0.013839 0.327263 2.09E-20 2.09E-20 0
    ANTHR-01 LBMOL/HR 25.2204 7.90E-10 25.2204 1.26102 23.95938 3.09E-03 3.09E-03 1.257926 29.89293 0.093128 0.093128 0
    AIR LBMOL/HR 0 0 0 0 0 0 0 0 3.74E-22 1986.009 1986.009 0
Component Mass Flow
    ACETI-01 LB/HR 69456.05 22857.54 46598.51 2329.925 44268.58 2085.984 2085.984 243.9419 2.98E+05 13245.98 13245.98 591.6821
    P-XYL-01 LB/HR 0.575243 0.088391 0.486852 0.024343 0.462509 0.020174 0.020174 4.17E-03 1.728295 0.639508 0.639508 0
    OXYGEN LB/HR 3.88E-29 0 0 0 0 0 0 0 0 0 0 0
    TEREP-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0 0
    WATER LB/HR 543.1297 349.0202 194.1095 9.705476 184.4041 9.137611 9.137611 0.567866 3951.651 1123.351 1123.351 0
    P-TOL-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0 0
    4-CAR-01 LB/HR 0 0 0 0 0 0 0 0 0 0 0 0
    CARBO-01 LB/HR 1.90E-21 0 0 0 0 0 0 0 6.67E-23 0 0 0
    SODIU-01 LB/HR 16.17576 1.50E-57 16.17576 0.808788 15.36697 6.96E-19 6.96E-19 0.808788 19.12605 1.22E-18 1.22E-18 0
    SODIU-02 LB/HR 16.17576 1.50E-57 16.17576 0.808788 15.36697 6.96E-19 6.96E-19 0.808788 19.12605 1.22E-18 1.22E-18 0
    ANTHR-01 LB/HR 5251.139 1.64E-07 5251.139 262.557 4988.582 0.644238 0.644238 261.9127 6224.007 19.39014 19.39014 0
    AIR LB/HR 0 0 0 0 0 0 0 0 1.08E-20 57496.78 57496.78 0
Mole Flow LBMOL/HR 1212.515 400 812.5153 40.62577 771.8896 35.24646 35.24646 5.379304 5207.136 2269.037 2269.037 9.852738
Mass Flow LB/HR 75283.25 23206.65 52076.6 2603.83 49472.77 2095.786 2095.786 508.0442 3.08E+05 71886.13 71886.13 591.6821
Volume Flow CUFT/HR 1418.19 401.5035 866.2679 43.31339 822.9545 13988.79 32.09759 7.365746 5773.183 6.67E+05 4.87E+05 8.836951
Temperature F 379.1998 260.4968 264.2927 264.2927 264.2927 280 111.1661 280 351.476 225.4762 339.7664 77
Pressure PSIA 20 20 20 20 20 20 20 20 20 25 40 14.69595
Vapor Fraction 0 0 1.95E-07 1.95E-07 1.95E-07 1 0 0 0 1 1 0
Liquid Fraction 1 1 1 1 1 0 1 1 1 0 0 1
Solid Fraction 0 0 0 0 0 0 0 0 0 0 0 0
Molar Enthalpy BTU/LBMOL -1.86E+05 -1.90E+05 -1.88E+05 -1.88E+05 -1.88E+05 -1.81E+05 -1.95E+05 -1.61E+05 -1.87E+05 -19769.02 -18828.07 -1.96E+05
Mass Enthalpy BTU/LB -2995.076 -3268.936 -2934.02 -2934.02 -2934.02 -3050.428 -3272.124 -1706.097 -3170.329 -623.9956 -594.2954 -3266.13
Mass Density LB/CUFT 53.08404 57.79938 60.11604 60.11604 60.11604 0.149819 65.29417 68.9739 53.33445 0.107722 0.147714 66.95546
Average Molecular Weight 62.08849 58.01663 64.09306 64.09306 64.09306 59.46088 59.46088 94.44423 59.13222 31.68134 31.68134 60.05256
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12.4.3 Stream (CISOLID) 
 
S-104 S-105 S-106 S-114 S-201 S-202 S-113
From P-103 H-101 P-104 V-201 B-201 DUMMY
To P-103 H-101 MIXER B-201 D-301 VALVE
Substream: ALL
Mass Flow LB/HR 9.76E+05 9.76E+05 9.76E+05 3.08E+05 74357.7 74357.7 4.43E+05
Mass Enthalpy BTU/HR -1.46E+06 -3.07E+09 -3.07E+09 -1.35E+09 -1.35E+09 -2.50E+08 -3.37E+08
Substream: MIXED
Phase: Liquid Liquid Mixed Liquid Vapor Vapor Liquid
Component Mole Flow
    ACETI-01 LBMOL/HR 12109.33 12109.33 12109.33 4957.222 1069.19 1069.19 4963.915
    P-XYL-01 LBMOL/HR 0.3373807 0.3373807 0.3373807 0.0162789 0.03527 0.03527 0.1389015
    OXYGEN LBMOL/HR 28.6356 28.6356 28.6356 0 11.96151 11.96151 11.98833
    TEREP-01 LBMOL/HR 0 0 0 0 0 0 0
    WATER LBMOL/HR 4190.242 4190.242 4190.242 219.35 532.5136 532.5136 1558.216
    P-TOL-01 LBMOL/HR 0 0 0 0 0 0 0
    4-CAR-01 LBMOL/HR 0 0 0 0 0 0 0
    CARBO-01 LBMOL/HR 9.448763 9.448763 9.448763 1.52E-24 3.854356 3.854356 3.880168
    SODIU-01 LBMOL/HR 0.8531007 0.8531007 0.8531007 0.3272629 1.61E-20 1.61E-20 0.3590546
    SODIU-02 LBMOL/HR 0 0 0 0.3272629 1.61E-20 1.61E-20 0.3590546
    ANTHR-01 LBMOL/HR 172.4095 172.4095 172.4095 29.89293 2.86E-03 2.86E-03 32.69219
    AIR LBMOL/HR 0 0 0 3.74E-22 0 0 0
Component Mass Flow
    ACETI-01 LB/HR 7.27E+05 7.27E+05 7.27E+05 2.98E+05 64207.59 64207.59 2.98E+05
    P-XYL-01 LB/HR 35.81883 35.81883 35.81883 1.728295 3.744525 3.744525 14.74681
    OXYGEN LB/HR 916.3049 916.3049 916.3049 0 382.7541 382.7541 383.6123
    TEREP-01 LB/HR 0 0 0 0 0 0 0
    WATER LB/HR 75488.39 75488.39 75488.39 3951.651 9593.382 9593.382 28071.71
    P-TOL-01 LB/HR 0 0 0 0 0 0 0
    4-CAR-01 LB/HR 0 0 0 0 0 0 0
    CARBO-01 LB/HR 415.8382 415.8382 415.8382 6.67E-23 169.6294 169.6294 170.7654
    SODIU-01 LB/HR 49.85731 49.85731 49.85731 19.12605 9.44E-19 9.44E-19 20.98404
    SODIU-02 LB/HR 0 0 0 19.12605 9.44E-19 9.44E-19 20.98404
    ANTHR-01 LB/HR 35897.39 35897.39 35897.39 6224.007 0.5946201 0.5946201 6806.842
    AIR LB/HR 0 0 0 1.08E-20 0 0 0
Mole Flow LBMOL/HR 16511.26 16511.26 16511.26 5207.136 1617.558 1617.558 6571.549
Mass Flow LB/HR 8.40E+05 8.40E+05 8.40E+05 3.08E+05 74357.7 74357.7 3.34E+05
Volume Flow CUFT/HR 16803.15 16807.69 7.11E+05 5791.977 3.71E+05 2.73E+05 6728.257
Temperature F 392 392.2259 684.2259 354.4461 287.9438 327.8696 392
Pressure PSIA 261.0679 290.0755 285.0755 275.5717 35 50 261.0679
Vapor Fraction 0 0 0.9999069 0 1 1 0
Liquid Fraction 1 1 9.31E-05 1 0 0 1
Solid Fraction 0 0 0 0 0 0 0
Molar Enthalpy BTU/LBMOL -1.70E+05 -1.70E+05 -1.52E+05 -1.87E+05 -1.55E+05 -1.54E+05 -1.72E+05
Mass Enthalpy BTU/LB -3337.621 -3337.502 -2992.331 -3169.138 -3363.364 -3349.507 -3383.876
Mass Density LB/CUFT 49.99062 49.97713 1.181558 53.16139 0.2005397 0.2719614 49.57977
Average Molecular Weight 50.87438 50.87438 50.87438 59.13222 45.96912 45.96912 50.76207
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Substream: CISOLID S-104 S-105 S-106 S-114 S-201 S-202 S-113
Component Mole Flow
    ACETI-01 LBMOL/HR 0 0 0 0 0 0 0
    P-XYL-01 LBMOL/HR 0 0 0 0 0 0 0
    OXYGEN LBMOL/HR 0 0 0 0 0 0 0
    TEREP-01 LBMOL/HR 795.9038 795.9038 795.9038 0 0 0 637
    WATER LBMOL/HR 0 0 0 0 0 0 0
    P-TOL-01 LBMOL/HR 5.822468 5.822468 5.822468 0 0 0 4.66
    4-CAR-01 LBMOL/HR 18.31546 18.31546 18.31546 0 0 0 14.65869
    CARBO-01 LBMOL/HR 0 0 0 0 0 0 0
    SODIU-01 LBMOL/HR 0 0 0 0 0 0 0
    SODIU-02 LBMOL/HR 0 0 0 0 0 0 0
    ANTHR-01 LBMOL/HR 3.498478 3.498478 3.498478 0 0 0 2.8
    AIR LBMOL/HR 0 0 0 0 0 0 0
Component Mass Flow
    ACETI-01 LB/HR 0 0 0 0 0 0 0
    P-XYL-01 LB/HR 0 0 0 0 0 0 0
    OXYGEN LB/HR 0 0 0 0 0 0 0
    TEREP-01 LB/HR 1.32E+05 1.32E+05 1.32E+05 0 0 0 1.06E+05
    WATER LB/HR 0 0 0 0 0 0 0
    P-TOL-01 LB/HR 792.7308 792.7308 792.7308 0 0 0 634.4605
    4-CAR-01 LB/HR 2749.77 2749.77 2749.77 0 0 0 2200.765
    CARBO-01 LB/HR 0 0 0 0 0 0 0
    SODIU-01 LB/HR 0 0 0 0 0 0 0
    SODIU-02 LB/HR 0 0 0 0 0 0 0
    ANTHR-01 LB/HR 728.4182 728.4182 728.4182 0 0 0 582.988
    AIR LB/HR 0 0 0 0 0 0 0
Mole Flow LBMOL/HR 823.5402 823.5402 823.5402 0 0 0 659.1187
Mass Flow LB/HR 1.36E+05 1.36E+05 1.36E+05 0 0 0 1.09E+05
Volume Flow CUFT/HR 1447.455 1447.456 1448.676 0 0 0 1158.468
Temperature F 392 392.2259 684.2259 392
Pressure PSIA 261.0679 290.0755 285.0755 261.0679 241.0679 241.0679 261.0679
Vapor Fraction 0 0 0 0
Liquid Fraction 0 0 0 0
Solid Fraction 1 1 1 1
Molar Enthalpy BTU/LBMOL -3.29E+05 -3.29E+05 -3.07E+05 -3.29E+05
Mass Enthalpy BTU/LB -1985.86 -1985.771 -1849.62 -1985.86
Enthalpy Flow BTU/HR -2.71E+08 -2.71E+08 -2.52E+08 -2.17E+08
Molar Entropy BTU/LBMOL-R -619.9409 -619.9236 -597.3214 -619.9409
Mass Entropy BTU/LB-R -3.740348 -3.740244 -3.603875 -3.740348
Molar Density LBMOL/CUFT 0.5689574 0.568957 0.568478 0.5689574
Mass Density LB/CUFT 94.30137 94.30131 94.22191 94.30137
Average Molecular Weight 165.7442 165.7442 165.7442 165.7442
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S-200 S-203 S-204 S-215 R-101
From VALVE V-201 C-201 B2 DUMMY
To V-201 C-201 B2
Substream: ALL 5.90E+05
Mass Flow LB/HR 4.43E+05 3.68E+05 1.22E+05 1.10E+05 -1.69E+09
Mass Enthalpy BTU/HR -9.76E+08 -2.49E+08 -1.10E+09 -3.68E+06 -8.67E+05
Substream: MIXED Mixed
Phase: Mixed Liquid Liquid Liquid
Component Mole Flow 6184.202
    ACETI-01 LBMOL/HR 4963.915 3894.725 194.7362 0.4971282 0.1850147
    P-XYL-01 LBMOL/HR 0.1389015 0.1036315 5.18E-03 2.11E-05 1357.512
    OXYGEN LBMOL/HR 11.98833 0.0268206 0 0 0
    TEREP-01 LBMOL/HR 0 0 0 0 2322.391
    WATER LBMOL/HR 1558.216 1025.703 51.28514 0.0776295 0
    P-TOL-01 LBMOL/HR 0 0 0 0 0
    4-CAR-01 LBMOL/HR 0 0 0 0 399.0502
    CARBO-01 LBMOL/HR 3.880168 0.025812 0 0 0.3590546
    SODIU-01 LBMOL/HR 0.3590546 0.3590546 0.0179527 0.0179527 0.3590546
    SODIU-02 LBMOL/HR 0.3590546 0.3590546 0.0179527 0.0179527 32.70041
    ANTHR-01 LBMOL/HR 32.69219 32.68934 1.634467 1.541339 0
    AIR LBMOL/HR 0 0 0 2.43E-03
Component Mass Flow 3.71E+05
    ACETI-01 LB/HR 2.98E+05 2.34E+05 11694.41 29.85382 19.64253
    P-XYL-01 LB/HR 14.74681 11.00228 0.5501141 2.24E-03 43438.77
    OXYGEN LB/HR 383.6123 0.8582279 0 0 0
    TEREP-01 LB/HR 0 0 0 0 41838.52
    WATER LB/HR 28071.71 18478.32 923.9162 1.398518 0
    P-TOL-01 LB/HR 0 0 0 0 0
    4-CAR-01 LB/HR 0 0 0 0 17562.12
    CARBO-01 LB/HR 170.7654 1.135982 0 0 20.98404
    SODIU-01 LB/HR 20.98404 20.98404 1.049202 1.049202 20.98404
    SODIU-02 LB/HR 20.98404 20.98404 1.049202 1.049202 6808.552
    ANTHR-01 LB/HR 6806.842 6806.247 340.3123 320.9223 0
    AIR LB/HR 0 0 0 0.0702841 10296.76
Mole Flow LBMOL/HR 6571.549 4953.991 247.6969 2.154451 4.81E+05
Mass Flow LB/HR 3.34E+05 2.59E+05 12961.29 354.3455 1.71E+05
Volume Flow CUFT/HR 2.18E+05 4649.101 232.4524 4.58703 406.9414
Temperature F 311.8899 287.9438 287.9438 225.4762 261.0679
Pressure PSIA 50 35 35 25 0.4491172
Vapor Fraction 0.1960248 0 0 0 0.5508828
Liquid Fraction 0.8039752 1 1 1 0
Solid Fraction 0 0 0 0 -1.43E+05
Molar Enthalpy BTU/LBMOL -1.71E+05 -1.77E+05 -1.77E+05 -97289.09 -3063.856
Mass Enthalpy BTU/LB -3374.09 -3373.662 -3373.67 -591.526 -1.47E+09
Mass Density LB/CUFT 1.527599 55.75868 55.7589 77.24944 46.72215
Average Molecular Weight 50.76207 52.32705 52.3272 164.4714 8.86E+01
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Substream: CISOLID S-200 S-203 S-204 S-215 R-101
Component Mole Flow 0
    ACETI-01 LBMOL/HR 0 0 0 0 0
    P-XYL-01 LBMOL/HR 0 0 0 0 0
    OXYGEN LBMOL/HR 0 0 0 0 637
    TEREP-01 LBMOL/HR 637 637 637 637 0
    WATER LBMOL/HR 0 0 0 0 4.66
    P-TOL-01 LBMOL/HR 4.66 4.66 4.66 4.66 14.65869
    4-CAR-01 LBMOL/HR 14.65869 14.65869 14.65869 14.65869 0
    CARBO-01 LBMOL/HR 0 0 0 0 0
    SODIU-01 LBMOL/HR 0 0 0 0 0
    SODIU-02 LBMOL/HR 0 0 0 0 2.8
    ANTHR-01 LBMOL/HR 2.8 2.8 2.8 2.8 0
    AIR LBMOL/HR 0 0 0 0
Component Mass Flow 0
    ACETI-01 LB/HR 0 0 0 0 0
    P-XYL-01 LB/HR 0 0 0 0 0
    OXYGEN LB/HR 0 0 0 0 1.06E+05
    TEREP-01 LB/HR 1.06E+05 1.06E+05 1.06E+05 1.06E+05 0
    WATER LB/HR 0 0 0 0 634.4605
    P-TOL-01 LB/HR 634.4605 634.4605 634.4605 634.4605 2200.765
    4-CAR-01 LB/HR 2200.765 2200.765 2200.765 2200.765 0
    CARBO-01 LB/HR 0 0 0 0 0
    SODIU-01 LB/HR 0 0 0 0 0
    SODIU-02 LB/HR 0 0 0 0 582.988
    ANTHR-01 LB/HR 582.988 582.988 582.988 582.988 0
    AIR LB/HR 0 0 0 0 659.1187
Mole Flow LBMOL/HR 659.1187 659.1187 659.1187 659.1187 1.09E+05
Mass Flow LB/HR 1.09E+05 1.09E+05 1.09E+05 1.09E+05 1158.516
Volume Flow CUFT/HR 1158.215 1158.14 1158.14 1157.948 406.9414
Temperature F 311.8899 287.9438 287.9438 225.4762 261.0679
Pressure PSIA 50 35 35 25 0
Vapor Fraction 0 0 0 0 0
Liquid Fraction 0 0 0 0 1
Solid Fraction 1 1 1 1 -3.28E+05
Molar Enthalpy BTU/LBMOL -3.34E+05 -3.35E+05 -3.35E+05 -3.39E+05 -1979.856
Mass Enthalpy BTU/LB -2015.744 -2024.053 -2024.053 -2044.379 -2.16E+08
Enthalpy Flow BTU/HR -2.20E+08 -2.21E+08 -2.21E+08 -2.23E+08 -618.7971
Molar Entropy BTU/LBMOL-R -626.0433 -627.8564 -627.8564 -632.5587 -3.733447
Mass Entropy BTU/LB-R -3.777166 -3.788105 -3.788105 -3.816476 0.5689339
Molar Density LBMOL/CUFT 0.5690816 0.5691182 0.5691182 0.5692125 94.29748
Mass Density LB/CUFT 94.32197 94.32803 94.32803 94.34365 165.7442
Average Molecular Weight 165.7442 165.7442 165.7442 165.7442
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12.5.2 Sabic 
Patent Number(s): WO2008074497-A1; KR2009101265-A; EP2125686-A1; CN101589013-A; 
US2009326265-A1; IN200901306-P3; JP2010513355-W; TW200927720-A 
 
Title: Preparing aromatic polycarboxylic acid e.g. terephthalic acid useful as raw material for polymers, 
involves contacting benzene/naphtalene compound with oxygen-containing gas in carboxylic acid 
solvent, catalyst and ionic liquid promoter 
 
Inventor Name(s): HASHMI S A; AL-LUHAIDAN S 
 
Patent Assignee(s): SAUDI BASIC IND CORP (SABA-Non-standard); SABIC PETROCHEMICALS BV (SABI-
Non-standard); HASHMI S A (HASH-Individual); AL-LUHAIDAN S (ALLU-Individual) 
 
Derwent Primary Accession No.: 2008-K42104 
 
Abstract: NOVELTY - Preparing an aromatic polycarboxylic acid by liquid phase oxidation of a benzene or 
naphtalene compound having two or three 1-4C alkyl, hydroxyalkyl or formyl groups, involves: 
contacting the compound with an oxygen-containing gas in the presence of a carboxylic acid solvent, a 
catalyst comprising at least one metal selected from cobalt, magnesium, chromium, copper, nickel, 
vanadium, iron, molybdenum, tin, cerium and zirconium, and a promoter in a reaction zone, where the 
promoter is an ionic liquid comprising an organic cation and a bromide or iodide anion. 
 
USE - For preparing an aromatic polycarboxylic acid including terephthalic acid (claimed) useful as raw 
material for various polymers including thermoplastics like polyethylene terephthalate (PET), and 
thermosetting polyester resins. 
 
ADVANTAGE - The process allows preparation of an aromatic polycarboxylic acid by liquid phase 
oxidation of a substituted benzene or naphtalene compound with an oxygen-containing gas in the 
presence of a carboxylic acid solvent, a metal catalyst and a bromide- or iodide-containing promoter 
with high conversion and favorable reaction rate, and without serious corrosion problems that are 
normally associated with using a halogen-containing compound as promoter; does not necessitate the 
use of highly corrosion-resistant materials or liners in the process equipment, thus offering savings on 
investment and maintenance costs and increasing plant reliability; can easily and completely separates 
the ionic liquid with other components from the solid polycarboxylic acid reaction product, and can be 
recycled; and does not form impurities like halogenated aromatic products in detectable amounts, and 
no hazardous products like methyl bromide could be found in vent gases exiting the reactor. The ionic 
liquid promoter is not consumed in the reaction, and can be separated and re-used repeatedly. 
 
Technology Focus/Extension Abstract: TECHNOLOGY FOCUS - INORGANIC CHEMISTRY - Preferred 
Components: The oxidant is oxygen or air. The ionic liquid contains a quaternary nitrogen-containing 
group as cation. The anion is bromide. 
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TECHNOLOGY FOCUS - METALLURGY - Preferred Components: The catalyst comprises cobalt and 
manganese. The catalyst further comprises an alkali metal. 
 
TECHNOLOGY FOCUS - ORGANIC CHEMISTRY - Preferred Process: The temperature in the reaction zone 
is 150-250 degrees C and the pressure is 1.5-2.5 Mpa. Preparing terephthalic acid involves oxidizing in a 
reaction zone para-xylene with air in the presence of acidic acid as solvent, a cobalt-manganese catalyst 
and an ionic liquid containing a quaternary nitrogen-containing group as cation and a bromide anion as 
promoter, at 150-250 degrees C and a pressure of 1.5-2.5 Mpa. Preferred Components: The 
polycarboxylic acid is terephthalic acid or isophthalic acid, and the benzene compound is para-xylene or 
meta-xylene. The solvent is acetic acid. The promoter is present in a concentration of 10-1000 parts per 
million (ppm) (based on solvent). 
 
SPECIFIC COMPOUNDS - 1-Ethyl-3-methylimidazolium bromide of formula (I) is specifically claimed as 
the promoter. 
 
EXAMPLE - A para-xylene (40 g) was charged to the reactor using a dosing pump at rate of 5 ml/minute. 
Acetic acid (200 g) was charged to the reactor at rate of 10 ml/minute. Combination of cobalt acetate 
tetrahydrate and manganese acetate tetrahydrate as catalyst (10 g) and 1-ethyl-3-methylimidazolium 
bromide promoter solution having Co+2 concentration of 0.02 wt.% (on solvent), Co+2/Mn+2 mass ratio 
of 1/5, and Br-/(Co+2 + Mn+2) ratio of 1/1 to the reactor at a rate of 1 ml/minute. The agitator was 
started slowly and set at 100-150 rotation per minutes (rpm). The condenser temperature was set at 85 
degrees C. Nitrogen was injected at flow rate of 50 ml/hour and maintained reactor pressure at 1.8 Mpa. 
The reactor was heated to 215 degrees C and maintained pressure of 1.8 MPa. After temperature had 
reached 215 degrees C close nitrogen line and injected air at 1.8 MPa, at a flow rate of 50 ml/hour. Air 
flow rate or temperature was adjusted such that oxygen was of 2-2.5 vol.% and carbon-dioxide was of 
1.3-1.5 vol.%. The reaction was continued for 120 minutes, and maintained the reactor temperature at 
215-220 degrees C and 1.8-1.9 MPa (monitor temperature and pressure continuously). The air flow was 
stopped if reactor temperature increased above 225 degrees C. After 120 minutes the reactor was 
cooled down to 20 degrees C. The gases were vented. The slurry product was removed. The solid crude 
terephthalic acid (CTA) product was separated and mother liquor at room temperature in hood. The wet 
cake was dried at 90 degrees C in oven for 2 hours. A comparative method was performed in similar as 
above but conventional Co-based catalyst was used, with manganese bromide as promoter. The 
separated products such as terephthalic acid (%), para-toluic acid (%), 4-carboxybenzaldehyde (4-CBA) 
(%), higher molecular weights compounds (HMWC) (%), others (%), cobalt (parts per million (ppm)), 
manganese (ppm), cesium (ppm) and bromide (ppm) and moisture (%) from test/comparative methods 
was found to be 95.6/94.7, 0.7/0.5, 2.2/2.8, 0.42/0.8, 0.35/0.65, 3.8/1.8, 6.9/1.6, 0/0 and 0/1.2 and 
0.26/0.14 respectively. In the comparative method, the gas exiting the reactor traces of methylbromide 
were detected, showing that impurities like brominated aromatic products had been formed. Such 
presence of bromide was not detected in the CTA prepared using an ionic liquid promoter; showing that 
the separation of the bromide containing ionic liquid from the product mixture was easy and complete. 
 
Derwent Class Code(s): A41 (Monomers, Condensants (see also Section E)); E14 (Aromatics); N01 
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Derwent Manual Code(s): A01-E11; E10-C02B; E11-E01; N01-B; N02-A01; N02-C01; N02-D01; N03-C01; 
N03-D02; N03-G03; N07-C01 
 
IPC: C07C-051/16; C07C-051/265; B01J-031/12; C07C-063/00; C07C-063/26; C07B-061/00 
 
Patent Details:  
Patent Number  Publ. Date  Main IPC  Week  Page Count  Language  
WO2008074497-A1  26 Jun 2008 C07C-051/16 C07C-051/265  200862  Pages: 21  English  
KR2009101265-A  24 Sep 2009 C07C-051/265  200965      
EP2125686-A1  02 Dec 2009 C07C-051/265  200979    English  
CN101589013-A  25 Nov 2009 C07C-051/265  200980    Chinese  
US2009326265-A1  31 Dec 2009 C07C-051/265  201002    English  
IN200901306-P3  12 Feb 2010 C07C-051/265  201019    English  
JP2010513355-W  30 Apr 2010 C07C-051/265  201029  Pages: 16  Japanese  
TW200927720-A  01 Jul 2009 C07C-051/265  201003    Chinese  
 
Application Details and Date:  
WO2008074497-A1  WOEP011213  18 Dec 2007 
KR2009101265-A  KR715138  18 Dec 2007 
EP2125686-A1  EP856936  18 Dec 2007 
CN101589013-A  CN80050250  18 Dec 2007 
US2009326265-A1  US448386  01 Sep 2009 
IN200901306-P3  INMN01306  10 Jul 2009 
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JP2010513355-W  JP541881  18 Dec 2007 
TW200927720-A  TW150012  25 Dec 2007 
 
Further Application Details:  
KR2009101265-A  PCT application  Application  WOEP011213  
KR2009101265-A  Based on  Patent  WO2008074497  
EP2125686-A1  PCT application  Application  WOEP011213  
EP2125686-A1  Based on  Patent  WO2008074497  
CN101589013-A  PCT application  Application  WOEP011213  
CN101589013-A  Based on  Patent  WO2008074497  
US2009326265-A1  PCT application  Application  WOEP011213  
IN200901306-P3  PCT application  Application  WOEP011213  
JP2010513355-W  PCT application  Application  WOEP011213  
JP2010513355-W  Based on  Patent  WO2008074497  
 
Priority Application Information and Date:  
EP026566  21 Dec 2006  
TW150012  25 Dec 2007  
 
Designated States: 
WO2008074497-A1: 
      (National): AE; AG; AL; AM; AT; AU; AZ; BA; BB; BG; BH; BR; BW; BY; BZ; CA; CH; CN; CO; CR; CU; CZ; 
DE; DK; DM; DO; DZ; EC; EE; EG; ES; FI; GB; GD; GE; GH; GM; GT; HN; HR; HU; ID; IL; IN; IS; JP; KE; KG; KM; 
KN; KP; KR; KZ; LA; LC; LK; LR; LS; LT; LU; LY; MA; MD; ME; MG; MK; MN; MW; MX; MY; MZ; NA; NG; NI; 
NO; NZ; OM; PG; PH; PL; PT; RO; RS; RU; SC; SD; SE; SG; SK; SL; SM; SV; SY; TJ; TM; TN; TR; TT; TZ; UA; UG; 
US; UZ; VC; VN; ZA; ZM; ZW 
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      (Regional): AT; BE; BG; BW; CH; CY; CZ; DE; DK; EA; EE; ES; FI; FR; GB; GH; GM; GR; HU; IE; IS; IT; KE; 
LS; LT; LU; LV; MC; MT; MW; MZ; NA; NL; OA; PL; PT; RO; SD; SE; SI; SK; SL; SZ; TR; TZ; UG; ZM; ZW 
EP2125686-A1: 
      (Regional): AT; BE; BG; CH; CY; CZ; DE; DK; EE; ES; FI; FR; GB; GR; HU; IE; IS; IT; LI; LT; LU; LV; MC; MT; 
NL; PL; PT; RO; SE; SI; SK; TR 
 
Cited Patent(s): 
WO2008074497-
A1 
US2833816-A   
  US3947494-A STANDARD OIL CO INDIANA 
(STAD) 
 
  US2003181758-A1 COLBORN R E (COLB-
Individual); HALL D B (HALL-
Individual); KOCH P (KOCH-
Individual); OECKEL G (OECK-
Individual) 
COLBORN R E; HALL D B; KOCH P; 
OECKEL G 
  US2006004223-A1 GENERAL ELECTRIC CO (GENE) COLBORN R E; HALL D B; KOCH P 
A; DEMUTH B V; WESSEL T; 
MACK K 
  US2006004224-A1 GENERAL ELECTRIC CO (GENE) COLBORN R E; HALL D B; KOCH P 
A; DEMUTH B V; WESSEL T; 
MACK K; TATAKE P A; VAKIL U M; 
GONDKAR S B; PACE J E; WON K 
W 
  WO200230862-A1 UNIV QUEENS BELFAST (UYBE-
Non-standard) 
EARLE M J; KATDARE S P 
 
Cited Article(s): 
WO2008074497-
A1 
HRONEC, M. ET AL.: &quot;Oxidation of p-xylene to terephthalic acid in bezoic acid 
and methyl ester of p-toluic acid.&quot; COLLECTION CZECHOSLOVAK CHEM. 
COMMUN., vol. 52, 1987, pages 2241-2247, XP009084877 
  ARTAMKINA ET AL.: &quot;Oxidation of alkyl aromatic compounds with potassium 
permanganate under the conditions of interphase catalysis.&quot; J. ORG. CHEM. 
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USSR, vol. 16, no. 4, 1980, pages 612-615, XP009084937 
 
Compound(s): 
DCR Number Role DCR Number Role DCR Number Role 
587-0-0-0 C; K; M 615-0-0-0 C; K; M 946-0-0-0 C; K; M 
1161-0-0-0 C; K; M 108973-0-0-0 C; K; M 1370-0-0-0 C; K; M 
90-0-0-0 C; K; M 3119-0-0-0 C; K; M 116-0-0-0 C; K; M 
70-0-0-0 C; K; M 2927-0-0-0 C; K; M 128-0-0-0 C; K; M 
6328-0-0-0 K; P 1211-0-0-0 K; P 39-0-0-0 K; S 
617-0-0-0 K; S 217-0-0-0 K; S 188501-0-1-0 C; K 
Markush Number Role Markush Number Role 
1017-35202 K; P 1017-35201 C; K 
Derwent Compound Number(s):  
Compound Number Role Compound Number Role Compound Number Role 
R03034 C; K; M R03037 C; K; M R11536 C; K; M 
R19499 C; K; M R03102 C; K; M R06800 C; K; M 
R03036 C; K; M R07388 C; K; M R03084 C; K; M 
R05099 C; K; M R07585 C; K; M R05247 C; K; M 
R00702 K; P R07026 K; P R01023 K; P 
R00785 K; S R00845 K; S R01779 K; S 
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RA1SM0 C; K 
   
Derwent Registry Number(s):  
Registry Number Role Registry Number Role Registry Number Role 
0702 P 1023 P 0785 S 
0845 S 1779 S 
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